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represented by the formula (aa)
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%ZIJ]\O—T
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wherein T, R! and Z' are defined, in the specification.
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1
RESIN AND RESIST COMPOSITION

CROSS REFERENT TO RELATED
APPLICATIONS

This non provisional application claims the benefit under
35 U.S.C. 9(a) to Patent Application Nos. 2009-148769 and
2009-239839, both filed in Japan, on Jun. 23, 2009 and Oct.
16, 2009, respectively. The entire contents of all of the above
applications are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resin and a resist com-
position, and more specifically relates to a resin used in the
microfabrication of semiconductors and a resist composition
that contain the same.

2. Background Information

Resist compositions used in the microfabrication of semi-
conductors using lithography technology contain resins.

Recently, a chemically amplified photoresist composition
was proposed that is composed of a resin from polymerization
of a preparation of 2-ethyl-2-adamantyl methacrylate, 3-hy-
droxy-1-adamantyl methacrylate and a-methacryloyloxy-y-
butyrolactone in a mole ratio of 50:25:25, an acid generator
composed of triphenylsulfonium 1-((3-hydroxyadamantyl)
methoxycarbonyl) difluoromethanesulfonate, a quencher
composed of 2,6-diisopropylaniline and a solvent (for
example, JP-A-2006-257078).

Also, a resist composition was proposed that is composed
of a resin from polymerization of a preparation of monomer
A, monomer J and monomer G in a mole ratio of 52.6:15.8:
31.6, and an acid generator composed of a compound repre-
sented by the formula (Y1) (for example, JP-A-2009-62491).
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-continued

CH;
CH,

O0—=S
O//\\O

(YD)

SUMMARY OF THE INVENTION

The object of the present invention is to provide a chemi-
cally amplified photoresist composition that provides better
line edge roughness (LER), and better mask error factor
(MEF).

The present invention provides following inventions of
<1>to <14>.

<1> A resin comprising a structural unit derived from a
compound represented by the formula (aa)

O O
%ZIJ]\O—T
R!

wherein T represents a C, to C;4 alicyclic hydrocarbon
group, the hydrogen atom contained in the alicyclic hydro-
carbon group may be replaced by a halogen atom, a hydroxyl
group, a C, to C,, alkyl group optionally substituted with a
halogen atom or a hydroxyl group, a C, to C, , alkoxyl group,
aCyto C,, aryl group, a C, to C,, aralkyl group, a glycidyloxy
group, a C, to C, acyl group, an alkoxycarbonyl group, an
alkanoyloxyalkyl group or a cyano group, and the —CH,—
contained in the alicyclic hydrocarbon group is replaced by at
least one —SO,— and furthermore may be replaced by
—CO—,—0—,—S8—,—S0,—or—NR)—;

R represents a hydrogen atom or a C, to Cg alkyl group;

(aa)

R! represents a hydrogen atom, a halogen atom, or a C, to
C, alkyl group that may optionally has halogen atoms; and

Z' represents an optionally substituted C, to C,, saturated
hydrocarbon group, and the —CH,— contained in the satu-
rated hydrocarbon group may be replaced by —CO—,
—0—, —S—or—NR)—.
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<2> The resin according to <1>, wherein T is a group
represented by the formula (T1)

(T

wherein the hydrogen atom contained in the ring may be
replaced by a halogen atom, a hydroxyl group, a C, to C,,
alkyl group optionally substituted with a halogen atom or a
hydroxyl group, a C, to C,, alkoxyl group, a C, to C,, aryl
group, a C, to C,, aralkyl group, a glycidyloxy group, a C, to
C, acyl group, an alkoxycarbonyl group, an alkanoyloxyalkyl
group or a cyano group, and the —CH,— contained in the

ring is replaced by at least one —SO,— and furthermore may
be replaced by —CO—, —O—, —S—, —SO,— or
—NR)—

R€ represents the same meaning as defined above;

* represents a bond to an oxygen atom; and

T! represents —O— or —CH,—.

<3> The resin according to <1> or <2>, wherein T is a
group represented by the formula (T2)

(T2

*

NC

O0—=S
O// \\O

wherein the hydrogen atom contained in the ring may be
replaced by a halogen atom, a hydroxyl group, a C, to C,,
alkyl group optionally substituted with a halogen atom or a
hydroxyl group, a C, to C,, alkoxyl group, a C4 to C,, aryl
group, a C, to C,, aralkyl group, a glycidyloxy group, a C, to
C, acyl group, analkoxycarbonyl group, an alkanoyloxyalkyl
group or a cyano group, and the —CH,— contained in the
ring may be replaced by —CO—,—0O—,—S—,—80,—or
—N(R“)—; and

R? and * represent the same meaning as defined above.

<4>The resin according to any one of <1>to <3>, wherein
the Z* is —O—CH,—.

<5> The resin according to any one of <1> to <4>, which
further comprising an acid-labile group, the resin is insoluble
or poorly soluble in aqueous alkali solution, and dissolves in
aqueous alkali solution by the action of acid.

<6> The resin according to any one of <1> to <5>, which
further comprising a structural unit derived from a compound
having a norbornane lactone structure.

<7> The resin according to <6>, wherein the compound
having the norbornane lactone structure is represented by the
formula (bb)
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wherein R* represents a hydrogen atom, a halogen atom, or
a C, to C, alkyl group that may optionally has halogen atoms;

72 represents an optionally substituted C, to C,, saturated
hydrocarbon group, and the —CH,— contained in the satu-
rated hydrocarbon group may be replaced by —CO—,
—O—, —S—or—S0,—;

X represents —CH,—, —O— or —S—; and

R represents the same meaning as defined above.

<8> The resin according to any one of <1>to <7>, which
further comprising a structural unit derived from a compound
having an adamantyl group substituted with at least two
hydroxyl groups.

<9> The resin according to <8>, wherein the compound
having the adamantyl group substituted with at least two
hydroxyl groups structure is represented by the formula (cc)

(ce)

Rr!

Rr3

Rr2

wherein R! represents a hydrogen atom, a halogen atom or
a C, to C, alkyl group that may optionally has halogen atoms;

72 represents an optionally substituted C, to C,, saturated
hydrocarbon group, and the —CH,— contained in the satu-
rated hydrocarbon group may be replaced by —CO—,
—O—, —S—or—S0,—;

R€ represents the same meaning as defined above;

R? and R? independently represent a hydrogen atom, a
methyl group or a hydroxyl group;

R* is independently in each occurrence a C, to C, alkyl
group;

n represents 0 to an integer of 10.

<10> A resist composition comprising a resin according to
any one of <1> to <9>, and an acid generator.

<11> The resist composition according to <10>, wherein
the acid generator is a salt represented by the formula as an
active ingredient

. @
-+ Q 1
7058 \é X
I
QZ

v!
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wherein Q' and Q? independently represent a fluorine atom
or a C, to C perfluoroalkyl group;

X! represents a single bond or an optionally substituted C,
to C,, saturated hydrocarbon group, the —CH,— contained
in the saturated hydrocarbon group may be replaced by
—O—or —CO—;

Y' represents a linear or branched chain C, to C, aliphatic
hydrocarbon group, a C; to C; alicyclic hydrocarbon group
or a C, to C;4 aromatic hydrocarbon group, and the aliphatic
hydrocarbon group, the alicyclic hydrocarbon group and the
aromatic hydrocarbon group may be substituted, provided
that a substituent dose not have a fluorine atom, and the
—CH,— contained in the aliphatic hydrocarbon group and
the alicyclic hydrocarbon group may be replaced by —CO—,
—0—, —8—, —SO,— or —N(R)—;

R“ represents the same meaning as defined above;

Z* represents an organic counter cation.

<12> The resist composition according to <10> or <12>,
wherein the acid generator is acompound including a divalent
group represented by —O—SO,— as the active ingredient.

<13>The resist composition according to any one of <10>
to <12>, wherein the Y* is a C, to Cs, alicyclic hydrocarbon
group, the hydrogen atom contained in the alicyclic hydro-
carbon group may be replaced by a halogen atom, a hydroxyl
group, aC, to C,, alkyl group, aC, to C, , alkoxyl group, a Cq
to C,, aryl group, a C, to C,, aralkyl group, a glycidyloxy
group or a C, to C, acyl group, and the —CH,— contained in
the alicyclic hydrocarbon group is replaced by at least one
—S80,— and furthermore may be replaced by —CO—,
—O0—, —8— —SO,— or —N(R)—;

R“ represents a hydrogen atom or a C, to C alkyl group.

<14>The resist composition according to any one of <10>
to <13>, which further comprises a basic compound.

<15> A method for forming pattern comprising steps of;

(1) applying the resist composition according to claim 10
onto a substrate;

(2) removing solvent from the applied composition to form
a composition layer;

(3) exposing to the composition layer using a exposure
device;

(4) heating the exposed composition layer and,

(5) developing the heated composition layer using a devel-
oping apparatus.

According to the resin and the resist composition of the
present invention, it is possible to achieve maintenance of
stability over time, high resolution, satisfactory shape, satis-
factory line edge roughness (LER), satisfactory resistance to
pattern collapse, wide DOF and/or mask error factor (MEF)
in the micropattern formed, and particularly LER and MEF
are improved.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The resin of the present invention has structural units
derived from a compound represented by the formula (aa).

(aa)

Rr!

wherein T represents a C, to C; alicyclic hydrocarbon
group, the hydrogen atom contained in the alicyclic hydro-
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6

carbon group may be replaced by a halogen atom, a hydroxyl
group, a C, to C,, alkyl group optionally substituted with a
halogen atom or a hydroxyl group, a C, to C, , alkoxyl group,
aCgtoC,,aryl group,aC,to C,, aralkyl group, a glycidyloxy
group, a C, to C, acyl group, an alkoxycarbonyl group, an
alkanoyloxyalkyl group or a cyano group, and the —CH,—
contained in the alicyclic hydrocarbon group is replaced by at
least one —SO,— and furthermore may be replaced by
—CO—,—0—,—S8—,—S0,—or—NR)—;

R represents a hydrogen atom or a C, to Cg alkyl group;

R! represents a hydrogen atom, a halogen atom, or a C, to
C, alkyl group that optionally has a halogen atom;

Z' represents a C, to C,, saturated hydrocarbon group that
optionally has a substituent, and —CH,— contained in the
saturated hydrocarbon group may be replaced by —CO—,
—0—, —S— or—N(R)—.

In this specification, examples of the alicyclic hydrocarbon
group include a cycloalkyl group such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclodecyl, norbonyl, 1-adamantyl, 2-adamantyl
and isonorbonyl groups.

Examples of the halogen atom include fluorine, chlorine,
bromine or iodine atom.

Examples of the alkyl group include methyl, ethyl, n-pro-
pyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl,
n-hexyl, heptyl, 2-ethylhexyl, octyl, nonyl, decyl, undecyl,
and dodecyl groups.

Examples of the alkoxyl group include methoxy, ethoxy,
n-propoxy, iso-propoxy, n-butoxy, sec-butoxy, tert-butoxy,
n-pentoxy, n-hextoxy, heptoxy, octyloxy, 2-ethylhexyloxy,
nonyloxy, decyloxy, undecyloxy and dodecyloxy groups.

Examples of the aryl group include phenyl, naphthyl,
anthranyl, p-methylphenyl, p-tert-bntylphenyl, p-adaman-
tylphenyl; tolyl, xylyl, cumenyl, mesityl, biphenyl, anthryl,
phenanthryl, 2,6-diethylphenyl, and 2-methyl-6-ethylphenyl
groups.

Examples of the aralkyl group include benzyl, phenethyl,
phenylpropyl, trityl, naphthylmethyl and naphthylethyl
groups.

Examples of the acyl group include acetyl, propionyl and
butyryl groups. Examples of the alkoxylcarbonyl group
include a group which is a alkoxyl group bonded with carbo-
nyl group, such as methoxycarbonyl and ethoxycarbonyl
groups.

Examples of the alkanoyloxyalkyl group include acety-
loxymethyl, propionyloxymethyl, butyryloxymethyl, acety-
loxyethyl, propionyloxyethyl, butyryloxyethyl, acetylox-
ypropyl, propionyloxypropyl and butyryloxypropyl groups.

Examples of the saturated hydrocarbon group include lin-
ear or branched chain alkylene groups. Examples of the alky-
lene group include methylene, dimethylene, trimethylene,
tetramethylene, pentamethylene, hexamethylene, heptameth-
ylene, octamethylene, nonamethylene, decamethylene,
undamethylene, dodecamethylene, tridecamethylene, tet-
radecamethylene, pentadecamethylene, hexadecamethylene,
heptadecamethylene, ethylene, propylene, isoprpoylene, sec-
butylene, tert-butylene and propylidene groups.

Furthermore, in the chemical structure formulas of the
present specification, unless otherwise specified, the suitable
choice of carbon number made for the exemplified substitu-
ents are applicable in all of the chemical structure formulas
that have the same substituents. Unless otherwise specified,
these can include any of linear chain, branched chain or
cyclic, and moreover, linear chain, branched chain or cyclic
structures can also be combined in the same group.
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The term “(meth)acrylic acid”, “(meth)acrylate” and
“(meth)acryloyl-” mean a compound or a group including a
structure “CH,—CH—CO—" or “CH,—C(CH;)—CO—",
respectively.

In the compound represented by the formula (aa), T is
suitably a group represented by the formula (T0), and in
particular, preferably a group represented by the formula
(TOa).

Further, T is preferably a group represented by the formula
(T1), and in particular, more preferably a group represented
by the formula (T1a).

Furthermore, T is more preferably a group represented by
the formula (T2), and in particular, still more preferably a
group represented by the formula (T2a).

(TO)

.

(TOa)

g

(T

(T1a)

(T2

%
~J

O —_—
O// \\O

(T2a)

*
o
O\J;
“

where the hydrogen atom contained in the ring may be
replaced by a halogen atom, a hydroxyl group, a C, to C,,
alkyl group optionally substituted with a halogen atom or a
hydroxyl group, a C, to C,, alkoxyl group, a C4 to C,, aryl
group, a C, to C, , aralkyl group, a glycidyloxy group, a C, to
C, acyl group, an alkoxycarbonyl group, an alkanoyloxyalkyl
group or a cyano group, and the —CH,— contained in the
ring is replaced by at least one —SO,— and furthermore may
be replaced by —CO—, —O—, —S—, —SO,— or
—NR)—

R“ represents the same meaning as defined above;
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* represents a bond to an oxygen atom; and

T! represents an oxygen atom or a methylene group.

R! is preferably a hydrogen atom or a methyl group.
The —CH,— contained in Z' is preferably replaced by
—0—, —CO—, —S— or —N(R“)—. R¢ is preferably a
hydrogen atom.

Examples include —O0—X*'—, —X''—0— —X''—
CO—0—, —X"—0—CO—, D e
—NH—X"'— — X' NH— Itis preferably —O—X*''—
—X"—0—-, —X'"—CO—0—-, —NH—X"— and
— X' NH—, and more preferably —O—X''— and

—NH—X'"— In particularly, it is more preferably
—O—CH,— for 7"

Here, X! and X'? independently represent a single bond,
or a linear or branched chain C, to C, 5 alkylene group. Pro-
vided that, for the group that replaces the methylene group
contained in the alkylene group, a suitable number of atoms to
constitute the main chain in the abovementioned group is 1 to
17, preferably 1 to 10, and more preferably 1 to 5.

Specific examples of T include the followings. The * rep-
resents the position of a bond to an oxygen atom.

WO e

//\\ //\\ //\\
B
N TN A
T

//\\ //\\ //\\
peuiiy v~

VA N4 VAN
?? %? 77

//\\ A VAN

gt

A S I A W
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In addition to the examples of groups shown above, more-
over, T may be substituted with a halogen atom, a hydroxyl
group, a C, to C,, alkyl group optionally substituted with a
halogen atom or a hydroxyl group, a C, to C, , alkoxyl group,
aCgtoC,aryl group,aC,to C,, aralkyl group, a glycidyloxy
group, a C, to C, acyl group, an alkoxycarbonyl group, an
alkanoyloxyalkyl group or a cyano group as shown in the
compounds below.

Examples of the compound represented by the formula (aa)
include the followings.

HZCIH HZCIH
o) 0 o 0

O0—=S O0—S§
N, AN
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The compounds represented by the abovementioned the
formula (aa) can be produced using methods known in the art.

The content of the structural unit derived from the com-
pound represented by the formula (aa) in the resin is generally
arange of 2 to 40 mol %, preferably 3 to 35 mol %, and more
preferably 5 to 30 mol %, with respect to the total structural
units constituting the resin.

In addition to the structural units derived from the com-
pound represented in the formula (aa), resin (B) preferably
contains a structural unit derived from a compound that has a
norbornane lactone structure.

Examples of the compound having the norbornane lactone
structure include a compound represented by the formula
(bb).

(bb)
Rl

wherein R” is the same meaning as defined above;

72 represents an optionally substituted C, to C,, saturated
hydrocarbon group, and the —CH,— contained in the satu-
rated hydrocarbon group may be replaced by —CO—,
—O—, —S—or—S0,—;

X represents —O—, or —S— or —CH,—.

R! is preferably a hydrogen atom or a methyl group.

Examples of the compound represented by the formula
(bb) include the followings.
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The content of the structural unit derived from a compound
represented by the formula (bb) in the resin is generally 5 to
50 mol %, preferably 10 to 45 mol %, and more preferably 15
to 40 mol %, with respect to the total structural units consti-
tuting the resin.

The resin further preferably includes a structural unit
derived from a compound having an adamantyl group substi-
tuted with at least one hydroxyl group.

Examples of the compound having an adamantyl group
substituted with at least one hydroxyl group include a com-
pound represented by the formula (cc).

(ce)

e P ®Y),

wherein R' and Z represent the same meaning as defined
above;

R? and R? independently represent a hydrogen atom, a
methyl group or a hydroxyl group;

R* is independently in each occurrence a C, to Cy alkyl
group; and

n represents an integer of 0 to 10.

R! is preferably a hydrogen atom or a methyl group.

The compound represented by the formula (cc) is prefer-
ably a compound having an adamantyl group substituted with
at least two hydroxyl groups in which either R* or R? is
substituted with a hydroxyl group.

Examples of the compound represented by the formula (cc)
include the followings.
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The content of the structural unit derived from the com-
pound represented by the formula (cc) in the resin is generally
3 10 40 mol %, preferably 5 to 35 mol %, and more preferably
5 to 30 mol %, with respect to the total structural units con-
stituting the resin.

The resin furthermore preferably has an acid-labile group,
is insoluble or poorly soluble in aqueous alkali solution, and
dissolves in aqueous alkali solution by the action of acid.

Examples of the acid-labile group include a group having
alkyl ester in which a carbon atom adjacent to the oxygen
atom is quaternary carbon atom, a group having carboxylic
acid ester such as an alicyclic ester group, a lactone ester
group in which a carbon atom adjacent to the oxygen atom is
quaternary carbon atom.

The “quaternary carbon atom” means a carbon atom
unbonded to a hydrogen atom and bonded to four substituents
other than hydrogen atom. As the acid-labile group, it is
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preferable a quaternary carbon atom in which a carbon atom
adjacent to the oxygen atom of ether bond is bonded to three
carbon atoms.

If an R ester of —COOR may be described as a group
having ester of carboxylic acid which is one of the acid-labile
group, and may also be abbreviated “—COOC(CH,);” as
“tert-butyl ester”, examples include an alkyl ester group in
which a carbon atom adjacent to the oxygen atom is quater-
nary carbon atom such as a tert-butyl ester group; an acetal
type ester group such as a methoxymethyl ester, ethoxym-
ethyl ester, 1-ethoxyethyl ester, 1-isobutoxyethyl ester, 1-iso-
propoxyethyl ester, 1-ethoxypropoxy ester, 1-(2-methoxy-
ethoxy)ethyl ester, 1-(2-acetoxyethoxy)ethyl ester, 1-[2-(1-
adamantyloxy )ethoxy|ethyl ester, 1-[2-(1-
adamantanecarbonyloxy)ethoxy]ethyl ester, tetrahydro-2-
furyl ester and tetrahydro-2-pyranyl ester group; an alicyclic
ester group in which a carbon atom adjacent to the oxygen
atom is quaternary carbon atom, such as an isobornyl ester,
1-alkyleycloalkyl ester, 2-alkyl-2-adamantyl ester and 1-(1-
adamantyl)-1-alkylalkyl ester group.

Examples of the group having ester of carboxylic acid
include a group having an ester of (meth)acrylic acid, nor-
bornene carboxylic acid, tricyclodecenecarboxylic acid or
tetracyclodecenecarboxylic acid.

The resin of the present invention can be produced by
conducting addition polymerization reaction of a monomer or
monomers having the acid-labile group and an olefinic
double bond.

Among the monomers, as the acid-labile group, those hav-
ing a bulky group such as an alicyclic structure (e.g. a 2-alkyl-
2-adamantyl and a 1-(1-adamantyl)-1-alkylalkyl groups) are
preferable, since excellent resolution tends to be obtained
when the resin obtained is used.

Examples of such monomer containing the bulky group
include a 2-alkyl-2-adamanty] (meth)acrylate, 1-(1-adaman-
tyl)-1-alkylalkyl (meth)acrylate, a 2-alkyl-2-adamantyl
5-norbornene-2-carboxylate, a 1-(1-adamantyl)-1-alkylalkyl
5-norbornene-2-carboxylate, a 2-alkyl-2-adamantyl a-chlo-
roacrylate and a 1-(1-adamantyl)-1-alkylalkyl a-chloroacry-
late.

Particularly, when the 2-alkyl-2-adamantyl (meth)acrylate
or the 2-alkyl-2-adamantyl a-chloroacrylate is used as the
monomer, the resist composition having excellent resolution
tend to be obtained.

Specific examples of the 2-alkyl-2-adamantyl (meth)acry-
late include 2-methyl-2-adamantyl acrylate, 2-methyl-2-ada-
mantyl methacrylate, 2-ethyl-2-adamantyl acrylate, 2-ethyl-
2-adamantyl methacrylate, 2-n-butyl-2-adamantyl acrylate,
2-n-butyl-2-adamantyl methacrylate. Specific examples of
the 2-alkyl-2-adamantyl a-chloro(meth)acrylate include
2-methyl-2-adamantyl a-chloroacrylate and 2-ethyl-2-ada-
mantyla-chloroacrylate.

Among these, 2-ethyl-2-adamantyl (meth)acrylate or
2-isopropyl-2-adamantyl  (meth)acrylate is preferably
because of the resist composition having excellent sensitivity
and heat resistance tends to be obtained.

The 2-alkyl-2-adamantyl (meth)acrylate can be generally
produced by reacting a 2-alkyl-2-adamantanol or a metal salt
thereof with an acrylic halide or methacrylic halide.

In addition, examples of monomers thathave an acid-labile

group other than the abovementioned include a monomer (g)
that has an unstable acetal group represented by the formula

(-
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RIO

H,C=C
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X
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wherein R'° represents a hydrogen atom, a halogen atom or
a C, to C; alkyl group that optionally has a halogen atom;

R'! is independently in each occurrence a halogen atom, a
hydroxyl group, a C, to Cg alkyl group, a C, to C,4 alkoxyl
group, a C, to C, acyl group, a C, to C, acyloxy group, an
acryloyl group or a methacryloyl group;

14 represents an integer of 0 to 4;

R'? and R'? independently represent a hydrogen atom or a
C, to C,, hydrocarbon group;

X“2 represents a single bond or an optionally substituted C,
to C,, saturated hydrocarbon group, and the —CH,— con-
tained in the saturated hydrocarbon group may be replaced by
—CO—, —0—, —S—or—N(R)—;

R represents a hydrogen atom or C, to C, alkyl group; and

Ya® represents a C, to C,, aliphatic hydrocarbon group, a
C; to C,4 saturated cyclic hydrocarbon group ora Csto C 4
aromatic hydrocarbon group, and the aliphatic hydrocarbon
group, the saturated cyclic hydrocarbon group and the aro-
matic hydrocarbon group can optionally have substituents.

Examples of the alkyl group which may have a halogen
atom include perfluoromethyl, perfluoroethyl, perfluoropro-
pyl, perfluoro-isopropyl, perfluorobutyl, perfluoro-sec-butyl,
perfluoro-tert-butyl, perfluoropentyl and pertluorohexyl
groups.

Q' and Q? preferably independently represent perfluorom-
ethyl or a fluorine atom, and more preferably a fluorine atom.

The alkyl group and the alkoxy group preferably a group
having 1 to 4 carbon atoms, and more preferably 1 to 2 carbon
atoms, and even more preferably a carbon atom.

Examples of the acyloxy group include acethyloxy, pro-
pyonyloxy and butylyloxy.

The hydrocarbon group includes an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group, an aromatic hydrocar-
bon group or a combination thereof. Among these, it is pref-
erable the alkyl group such as methyl, ethyl, n-propyl, iso-
propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, oethyl,
2-ethylhexhyl groups, and the alicyclic hydrocarbon group
such as cyclohexyl, adamantyl, 2-alkhyl-2-adamantlyl, 1-(1-
adamantlyl)-1 alkyl and isobornyl groups.

The saturated cyclic hydrocarbon group can be monocyclic
or polycyclic. Examples of the monocyclic saturated hydro-
carbon group include a cycloalkyl group such as cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, methylcyclohexyl group, dimethylcyclohexyl group,
cycloheptyl group, methylcycloheptyl group, cyclooctyl
group, cyclononyl group, cyclodecyl group. Examples of the
polycyclic saturated hydrocarbon group include a group
obtained via the hydrogenation of a condensed aromatic
hydrocarbon group such as hydronaphthyl group, a bridged
cyclic hydrocarbon group such as 1-adamantyl, 2-adamantyl,
norbornyl, methylnorbornyl and isobornyl groups. Further-
more, as shown below, included within the saturated cyclic
hydrocarbon group is bridged a ring such as norbornane ring
fused with amonocyclic ring (such as a cycloheptane ring and

50

a cyclohexane ring) or a polycyclic ring (such as a decahy-
dronaphthalene ring), and a group with other bridged rings
fused to one another.

JOROGSRGH
O Qo
ROGRGHG

20

Examples of the substituent of Ya® include a halogen atom,

ahydroxyl group, a C, to C, , alkyl group, a C, to C,, alkoxy

25 group, a C4 to C,, aryl group, a C, to C,, aralkyl group, a
glycidyloxy group, a C, to C, acyl group and cyano group.

Examples of monomer (g) include the followings.
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The content of the structural unit derived from the mono-
mer having acid-labile group in the resin is generally 10 to 95
mol %, preferably 15 to 90 mol %, and more preferably about
20 to 85 mol %, with respect to the total structural units
constituting the resin.

In addition to structural units derived from compounds
represented by the formula (aa) and structural units derived
from monomers that have acid-unstable groups, the resin
used in the present invention may includes structural units
derived from acid-stable monomers. Here, a structure derived
from an acid-stable monomer means a structure that is not
cleaved by the acid generator mentioned below.

The content of the structural unit derived from the mono-
mer having acid-stable group in the resin is generally 5 to 90
mol %, preferably 10 to 85 mol %, and more preferably 15 to
80 mol %, with respect to the total structural units constituting
the resin.

Specific examples include a structural unit derived from a
monomer having a free carboxyl group such as acrylic acid
and methacrylic acid; a structural unit derived from an ali-
phatic unsaturated dicarboxylic anhydride such as maleic
anhydride and itaconic anhydride; a structural unit derived
from 2-norbornene; a structural unit derived from (meth)
acrylonitrile; a structural unit derived from a (meth)acrylic
ester in which a carbon atom adjacent to oxygen atom is
secondary or tertiary carbon atom such as an alkyl ester or
1-adamant] ester; a structural unit derived from a styrene
monomer such as p- or m-hydroxystyrene; a structural unit
derived from (meth)acryloyloxy-y-butyrolactone having a
lactone ring which may be substituted with an alkyl group.
The 1-adamantyl ester is the acid-stable group though the
carbon atom adjacent to oxygen atom is the quaternary car-
bon atom, and the 1-adamantyl ester may be substituted with
at least one hydroxyl group.

Specific examples of the acid-stable monomer include
3-hydroxy-1-adamantyl (meth)acrylate, 3,5-dihydroxy-1-
adamantyl (meth)acrylate, a-(meth)acryloyloxy-y-butyro-
lactone, B-(meth)acryloyloxy-y-butyrolactone, a monomer
giving a structural unit represented by the formula (b2), an
alicyclic compound having an olefinic double bond in the
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molecule such as hydroxystyrene or norbornene, an aliphatic
unsaturated dicarboxylic anhyde such as maleic anhydride
and itaconic anhydride.

Among these, the resist obtained from a resin having any of
a structural unit derived from the styrene monomer such as p-
or m-hydroxystyrene, a structural unit derived from 3-hy-
droxy-1-adamantyl (meth)acrylate, a structural unit derived
from 3,5-dihydroxy-1-adamantyl (meth)acrylate, a structural
unit represented by the formula (a), a structural unit repre-
sented by the formula (b1) and a structural unit represented by
the formula (b2) is preferable because the adhesiveness of
resist to a substrate and resolution of resist tend to be
improved.

RZ
H,C=C

—o

1!

/ RS g
%
[@)

R3
/
H,C=C

(b1)

(62)

®7),

¢}

wherein L' to L? independently represent an oxygen atom,
a carbonyl group, a linear or branched chain C, to C,,
alkanediyl group or a combination thereof;

R represents a hydrogen atom or a C, to C, aliphatic
hydrocarbon group;

R? to R* independently represent a hydrogen atom or a
methyl group;

R? is independently in each occurrence a C, to C, aliphatic
hydrocarbon group;

R® and R” are independently in each occurrence a carboxy-
lic group, a cyano group or a C, to C, aliphatic hydrocarbon
group;

q represents an integer of 0 to 5; and

s and t independently represent an integer of 0 to 3.

Examples of the linear chain alkanediyl group include
methylene, ethylene, propane-1,3-diyl, propane-1,2-diyl,
buthane-1,4-diyl, pentane-1,5-diyl, hexane-1,6-diyl, hep-
tane-1,7-diyl, octane-1,8-diyl, nonane-1,9-diyl, decane-1,10-
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diyl, undecane-1,11-diyl, dodecane-1,12-diyl, tridecane-1,
13-diyl,  tetradecane-1,14-diyl, pentadecane-1,15-diyl,
hexadecane-1,16-diyl and heptadecane-1,12-diyl groups.

Examples of the branched alkanediyl group include a
group in which a linear chain alkanediyl group bonded a side
chain of a C, to C, alkyl group such as methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, tert-butyl, for example, 1-methyl-
1,3-propylene, 2-methyl-1,3-propylene, 2-methyl-1,2-pro-
pylene, 1-methyl-1,4-buthylene and 2-methyl-1,4-buthylene
groups.

The monomer such as 3-hydroxy-1-adamantyl (meth)
acrylate and 3,5-dihydroxy-1-adamantyl (meth)acrylate can
be produced, for example, by reacting corresponding
hydroxyadamantane with (meth)acrylic acid or its halide, and
they are also commercially available.

Further, the monomer such as (meth)acryloyloxy-y-buty-
rolactone can be produced by reacting (meth)acrylic acid
with corresponding .- or -bromo-y-butyrolactone in which
the lactone ring can be substituted with an alkyl group, or
reacting (meth)acrylic halide with corresponding c- or §-hy-
droxy-y-butyrolactone in which the lactone ring can be sub-
stituted with an alkyl group.

Examples of the monomers to give structural units repre-
sented by the formulae (b1) and (b2) include an (meth)acrylic
ester of alicyclic lactones having the hydroxyl group
described below, and mixtures thereof. These esters can be
produced, for example, by reacting the (meth)acrylic acid
with a corresponding alicyclic lactone having the hydroxyl
group (see JP 2000-26446 A).

HO HO
CH; CHj
0 0
0 0
HO
HO
CH;
o 0
Y 0
CH;
HO HO.
HO
CHj
CH;
0 0
0
0

0
O t\
0

HO,

1o CH3

O

HO
CH,

3
CHj

Examples of the (meth)acryloyloxy-y-butyrolactone
include a-(meth)acryloyloxy-y-butyrolactone, c.-(meth)
acryloyloxy-f, p-dimethyl-y-butyrolactone, a-(meth)acry-
loyloxy-a.-methyl-y-butyrolactone, p-(meth)acryloyloxy-y-
butyrolactone and p-methacryloyloxy-c.-methyl-y-
butyrolactone.
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The content of the structural unit represented by the for-
mula (a), the structural unit represented by the formula (b1)
and the structural unit represented by the formula (b2) in the
resin are generally 5 to 50 mol %, preferably 10 to 45 mol %,
and more preferably 15 to 40 mol %, with respect to the total
structural units constituting the resin.

When KrF lithography and EUV lithography are used,
even in the case of using a structure unit derived from a
styrene monomer such as p- or m-hydroxystyrene as the
structure unit of the resin, the resist composition having suf-
ficient transparency can be obtained. Such copolymer resins
can be obtained by radical-polymerizing the corresponding
(meth)acrylic ester monomer with acetoxystyrene and sty-
rene followed by de-acetylating them with an acid.

Specific examples of the monomer to give the structural
unit derived from styrene monomers include the followings.
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-continued
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Among monomers of the above, 4-hydroxystyrene or 4-hy-
droxy-a-methylstyrene is particular preferable.

The content of the structural unit derived from a styrene
monomer in the resin is generally 5 to 90 mol %, preferably 10
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to 85 mol %, and more preferably 15 to 80 mol %, with respect
to the total structural units constituting the resin.

The resin containing a structural unit derived from 2-nor-
bornene shows strong structure because the alicyclic group is
directly present on its main chain and shows a property that
dry etching resistance is excellent. The structural unit derived
from 2-norbornene can be introduced into the main chain by
radical polymerization using an aliphatic unsaturated dicar-
boxylic anhydride such as maleic anhydride and itaconic
anhydride together in addition to corresponding 2-nor-
bornene. Therefore, the structural unit formed by opening of
double bond of norbornene can be represented by the formula
(¢), and the structural unit formed by opening of double bond
of maleic anhydride and itaconic anhydride can be repre-
sented by the formula (d) and (e), respectively.

R’ R®

(AN

(ﬂ

wherein R> and R in the formula (c) independently repre-
sent a hydrogen atom, a C,; to C; alkyl group, a carboxyl
group, a cyano group or —COOQU, wherein U represents an
alcohol residue, or R® and R are bonded together to form a
carboxylic anhydride residue represented by —C(—0)OC
=0)—.

When R® and R® form the —COOQU group, it is an ester
formed from carboxyl group, and examples of the alcohol
residue corresponding to U include an optionally substituted
C, to Cg alkyl group and 2-oxooxolan-3- or -4-yl group. The
alkyl group may be substituted with a hydroxyl and an alicy-
clic hydrocarbon residue group.

Specific examples, for when R and R are alkyl groups,
include methyl, ethyl, and propyl groups, and specific
examples of the alkyl group to which a hydroxyl group is
bonded include hydroxymethyl and 2-hydroxyethyl groups.

Specific examples of monomer giving the acid-stable
structural unit which is the norbornene structural represented
by the formula (c) include the following compounds;
2-norbornene,
2-hydroxy-5-norbornene,
5-norbornene-2-carboxylic acid,
methyl 5-norbornene-2-carboxylate,
2-hydroxy-1-ethyl 5S-norbornene-2-carboxylate,
5-norbornene-2-methanol, and
5-norbornene-2,3-dicarboxylic acid anhydride.

As long as the U of —COOU in the formula (¢) is an
acid-labile group, such as an aliphatic ester in which the
carbon atom bonded to the oxygen side of the carboxyl group
is a quaternary carbon atom, the structural unit will have an
acid-labile group, despite having a norbornene structure.
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Specific examples of the monomer have the norbornene
structure and the acid-labile group include t-butyl 5-nor-
bornene-2-carboxylate,
1-cyclohexyl-1-methylethyl 5-norbornene-2-carboxylate,
1-methylcyclohexyl-5-norbornene-2-carboxylate, 2-methyl-

2-adamantyl
5-norbornene-2-carboxylate,

bornene-2-carboxylate,

2-ethyl-2-adamantyl 5-nor-
1-(4-methylcyclohexyl)-1-methylethyl S-norbornene-2-car-
boxylate,

1-(4-hydroxycyclohexyl)-1-methylethyl ~ 5-norbornene-2-

carboxylate,

1-methyl-1-(4-oxocyclohexyl)ethyl 5-norbornene-2-car-

boxylate, and
1-(1-adamantyl)-1-methylethyl
late.

5-norbornene-2-carboxy-

The content of the structural units represented by the for-
mulae (¢), (d), and (e) in the resin are generally 2 to 40 mol %,
preferably 3 to 30 mol %, and more preferably about 5 to 20
mol %, with respect to the total structural units constituting
the resin.

Furthermore, the acid-stable group can contain a structural
unit as represented by the formula (dd) and a structural unit
that contain fluorine atoms.

(dd)

wherein R® represents a hydrogen atom, a methyl group or
a trifluoromethyl group;

AR represents a linear chain, branched chain or cyclic C, to
C,, hydrocarbon group, and at least one or more of the hydro-
gen atoms contained in the hydrocarbon group is replaced
with fluorine atom, the —CH,— contained in the hydrocar-
bon group may be replaced by —O— —S—, or —N(R)—,
and a hydrogen atom contained in the hydrocarbon group may
be replaced by a hydroxyl group or a linear or branched chain
C, to Cq aliphatic hydrocarbon group;

R represents the same meaning as defined above.

Specific examples of the structural unit represented by the
formula (dd) include the following monomers.

CH; 31 CH;
/ / /
—C —C ——C
(6] (6] (6]
(6] (6] (6]
\ \ \
CFs CF; C5Fs
H CH; H
/ / /
— ——C ——C
(6] (6] (6]
(6] (6] (6]
\ \ \
CyFs C3Fy G3Fy
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The content of the structural unit represented by the for-
mula (dd) in the resin is generally 1 to 30 mol %, preferably
2 to 20 mol %, and more preferably 3 to 10 mol %, with
respect to the total structural units constituting the resin.

When the structural unit derived from 2-alkyl-2-adamantyl
(meth)acrylate, 1-(1-adamantyl)-1-alkylalkyl (meth)acrylate
or 1-(2-alkyl-2-adamantyloxycarbonyl)alkyl (meth)acrylate
is included as the structural unit derived from the monomer
with the acid-labile group, adjusting the content to about 15
mol % or more with respect to the total structural units con-
stituting the resin will result in a sturdy structure because the
resin will have an alicyclic group, which is advantageous in
terms of the dry etching resistance of the resulting resist.

When an alicyclic compound having an olefinic double
bond or an aliphatic unsaturated dicarboxylic anhydride is
used as the monomer, it is preferably used in excess amounts
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from the viewpoint of a tendency that the addition polymer-
ization does not easily proceed.

The monomers that are used may be a combination of
monomers that have the same olefinic double bond moiety but
different acid-labile group, combinations of monomers with
the same acid-labile group and different olefinic double bond
moiety, and monomers with different combinations of acid-
labile group and olefinic double bond moiety.

The weight average molecular weight of the resin is pref-
erably 2500 to 100,000, more preferably 2700 to 50000, and
even more preferably 3000 to 40000.

The resist composition of the present invention further
includes an acid generator addition to the above resin.

There is no restriction on the acid generator, and it can be
used a known acid generator in the field. Examples of the acid
generator include a salt represented by the formula (I) as an
active ingredient.

@

1

—+-, 1
z o3s\é/x\

I
Q?

y!

wherein Q' and Q? independently represent a fluorine atom
or a C, to C, perfluoroalkyl group;

X! represents a single bond or an optionally substituted C,
to C,, saturated hydrocarbon group, the —CH,— contained
in the saturated hydrocarbon group may be replaced by
—O—or—CO—;

Y' represents a linear or branched chain C, to C,, aliphatic
hydrocarbon group, a C; to C; alicyclic hydrocarbon group
or a C4 to C;4 aromatic hydrocarbon group, and the aliphatic
hydrocarbon group, the alicyclic hydrocarbon group and the
aromatic hydrocarbon group may be substituted, provided
that the substituent does not have a fluorine atom;

7™ represents an organic counter cation.

Examples of the perfluoroalkyl group include perfluorom-
ethyl, perfluoroethyl, perfluoro-n-propyl, perfluoro-isopro-
pyl, perfluoro-n-butyl, perfluoro-sec-butyl, perfluoro-tert-
butyl, perfluoro-n-pentyl and perfluoro-n-hexyl groups.
Among these, perfluoromethyl group is preferable.

Examples of the C, to C,, saturated hydrocarbon group
include a divalent group including a C, to C, , alkylene group
or a cycloalkylene group.

Examples of the alkylene group include methylene, dim-
ethylene, trimethylene, tetramethylene, pentamethylene,
hexamethylene, heptamethylene, octamethylene, nonameth-
ylene, decamethylene, undecamethylene, dodecamethylene,
tridecamethylene, tetradecamethylene, pentadecamethylene,
hexadecamethylene, heptadecamethylene, ethylene, propy-
lene, isopuropylene, sec-buthylene and tert-buthylene
groups.

Examples of the divalent group including the cycloalky-
lene group include a group represented by the formula (X'-A)
to the formula (X'—C).

(x'-a)

— —xIB__

Y
~
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X'-B)
_XIA_ _XIB —
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wherein X' and X' independently represent a C, to Cg
alkylene group which may be substituted, provided that the
groups represented by the formula (X'-A) to the formula
(X'—C)have C, to C,.

Examples of the linear or branched chain aliphatic hydro-
carbon group include an alkyl group.

Examples of the aromatic hydrocarbon group include an
aryl group.

For the anion described as the salt represented in the for-
mula (I) as the active component of an acid generator (re-
ferred to below as salt (I)), Q' and Q* independently are
preferably fluorine atom or —CFj, and fluorine atom is the
more preferable of the two.

The —CH,— contained in the C, to C,, saturated hydro-
carbon group may be replaced by —O—, —S—, or—CO—.

Examples of X* include groups the follows.
O O O
O
*)ko/ *)ko/\ *)ko/ﬁ( ~
O
O O
*)kmﬁ(o\ *)KOWO\
O O
O O
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Examples of the X' are suitably —X'°—0O—, —X'"°—
cO—0—, —X“_0-COo—, —X"_ 0o X'
—CO—0O0—X!'"— —CO—O0—X"—CO—0—, —X'*"—

0—CO—, —XIOA) X" — and —CO—O— O(“—O)
—X' Among these, it is preferably —CO—0O—X'°—
—CO—0—X""—CO—0—and —CO—O—(X"—0),—
X'°—. Provided that X'° and X'! independently represent a
single bond, or a linear or branched chain C, to C, 4 alkylene
group. y represent an integer of 0 to 2.

Y! is suitably a C, to C,4 alicyclic hydrocarbon group
which may be substituted.

Examples of the substituent of the optionally substituted
the aliphatic hydrocarbon group, the alicyclic hydrocarbon
group and the aromatic hydrocarbon group of Y* include at
least one selected from a halogen atom (other than fluorine
atom), a hydroxyl group, a linear or branched chain C, to C,
aliphatic hydrocarbon group, aC, to C, , alkoxy group,a C,to
C,, aromatic hydrocarbon group, a C, to C,, aralkyl group, a
glycidyloxy group and a C, to C, acyl group.

Examples of the anion of the salt represented by the for-
mula (I) include the following anions represented by the
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formulae (IA), (IB), (IC) and (ID). Among these, the anion
represented by the formula (IA) and the formula (IB) are
suitable.

as)

Yl
. /
Q O_XIO
-0384’_<
Qz (@]
IB)
0, y!
O/
Q! o—x!
038
Qz [@]
ac
Yl
Q' /o~<
058 xH e}
QZ
(D)
Yl
Q! o—Xl/2
/
058 xH
QZ

Wherein Q*, Q%, Y! X', X*! and X'? represent the same
meaning as defined above.
Y! is preferably a group represented by the formula (Y1).

(YD)
(R%);

Re

wherein ring W' represents a C; to C,4 alicyclic hydrocar-
bon group, and the —CH,-contained in the alicyclic hydro-
carbon group may be replaced by —CO—, —O—, —S—,
—S0,— or —N(R)— group;

R“ represents a hydrogen atom or a C, to C; alkyl group;

R” is independently in each occurrence a halogen atom, a
linear or branched chain C, to C,, aliphatic hydrocarbon
group, a C, to C,, aromatic hydrocarbon group, a C, to C,,
aralkyl group, a glycidyloxy group or a C, to C, acyl group;

X represents an integer of 0 to 8; and,

R® represents a hydrogen atom or a linear or branched
chain C, to Cg4 hydrocarbon group, or may be bonded to a
carbon atom included in the ring W' to form a ring.

R? in the formula (Y1) may be a halogen atom, and pref-
erably an atom other than fluorine atom.

x is preferably an integer of 0 to 6, and more preferably an
integer of 0 to 4.

Examples of the ring W' include a group represented by the
formula (W1) to the formula (W50). Among these, it is pref-
erable the formula (W1) to the formula (W19), and more
preferably the formula (W12), (W15), (W16) and (W19).
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(W15)

(W16)

(W17)

(W18)

(W19)

(W20)

(W21)

(W22)

(W23)
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(W25)

(W26)
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(W27)
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(W30)

(W31)

(W32)

(W33)

(W34)

(W35)
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(W36)

(W37)

(W38)

(W39)

(W40)

(W41)

(W42)

(W43)

(W44)

(W45)

(W46)

(W47)
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Examples of Y! group further include;

a group in which a hydrogen atom contained in the ring W'
is not replaced or is replaced only by a hydrocarbon group,
provided that the —CH,— group contained in the ring W
may be replaced by —O—;

a group in which a hydrogen atom contained in the ring W'
is replaced by a hydroxyl group or a hydroxyl group-contain-
ing group, provided that these containing a lactone structure
are excluded;

a group having a lactone structure in which two adjacent
—CH,— groups contained in the ring W' are replaced by a
—O— and a —CO— group;

a group having a ketone structure in which one —CH,—
group contained in the ring W' is replaced by a —CO—;

a group in which a hydrogen atom contained in the ring W'
is replaced by an aromatic hydrocarbon group or a group
containing a aromatic ring; and a group having an ether struc-
ture in which one —CH,— group contained in the ring W' are
replaced by a —O—.

Examples of Y! in which a hydrogen atom contained in the
ring W' is not replaced or is replaced only by a hydrocarbon
group, provided that the —CH,— group contained in the ring
W may be replaced by —O—, include the groups below.

CH; H;C CH;

Examples of Y! in which a hydrogen atom contained in the
ring W' is replaced by a hydroxyl group or a hydroxyl group-
containing group, provided that these containing a lactone
group are excluded, include the groups below.
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Examples of Y* having a lactone structure in which two
CH;,

adjacent —CH,— groups contained in the ring W' are
replaced by a—O— and a —CO— group include the groups

below. 20

Examples of Y' having an ether structure in which one
—CH,— contained in the ring W' is replaced by a —O—
25 group include the groups below.
(6]
(6] (6] O o
(6]
30

Examples of Y* in which one —CH,— contained in the
35 ring W'is replaced by —SO,— include the groups below.

(6]
) 40
S0 S0 S=¢
Examples of Y! having a ketone structure in which one (4/ (4/ (4/
—CH,— contained in the ring W' is replaced by —CO—
group include the groups below. 45

(0]
0. Sam Sa Sa
50 === =z ==
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(6]
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Examples of Y' in which a hydrogen atom contained in the >
ring W' is replaced by an aromatic hydrocarbon group or a

L. L. S, S

|

(6]

roup containing an aromatic ring include the groups below. 0
group g g group (4/ o7 //\\

65 //\\ o? | //\\
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Examples of Y in which one —CH,— contained in the
ring W' is replaced by a—O— and one —CH,— is replaced
by a —SO,— include the groups below. o///s§o o///S§o o///s§o
15 (6] (6] (6]
o Q o
S ; < S; < S; 20 < ?\? ?;
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0 Examples of Y* in which one —CH,— contained in the
ring W' is replaced by —N(R“)— include the groups below.
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45
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Examples of Y! in which two —CH,— contained in the 65
ring W' are replaced by —O— and one —CH,— is replaced
by —SO,— include the groups below.
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Among these, Y' is more preferably a group represented by
the formula (Y2) or (Y?).

(Y2)
e
. (Y3)
e

wherein the hydrogen atom in the ring may be replaced by
a halogen atom (other than fluorine atom), a hydroxyl group,
aC, to C,, alkyl group, a C, to C, , alkoxy group,aCsto C,,
aryl group,a C, to C,, aralkyl group, a glycidyloxy group and
aC, to C, acyl group, and the —CH,— contained in the ring
may be replaced by —CO—, —O—, —S—, —SO,—, or
—N(R)— group; and

* presents a bond with X'.

In the formula (IA), examples of the anion in which the
hydrogen atom contained in ring W' is replaced only by a
hydrocarbon group, provided that the —CH,— contained in
the hydrocarbon group may be replaced by —O—, include
the anions below.
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CH; In the formula (IA), examples of the anion in which the
o hydrogen atom contained in the ring W' is replaced by a
65 hydroxyl group or a hydroxyl group-containing group, pro-

CH; vided that these containing a lactone structure are excluded,
include the anions below.
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15 structure in which two adjacent —CH,— contained in the
ring W' are replaced by a —O—and a—CO— group include
the anions below.
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50  Inthe formula (IA), examples of the anion having a ketone
structure in which the —CH,— contained in the ring W' is
F. F replaced by a —CO— group include the anions below.
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hydrogen atom contained in the ring W' is replaced by an
aromatic hydrocarbon group or a group containing a aromatic
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In the formula (IB), examples of the anion in which the 08 o CHs
hydrogen atom contained in the ring W' is not replaced or is o/ﬁ( ~N
replaced only by a hydrocarbon group (the —CH,-contained 4°

. . . F F
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below.
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In the formula (IB), examples of the anion having a ketone
structure in which the —CH,— contained in the ring W' is
replaced by —CO— group include the anions below.
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In the formula (IB), examples of the anion in which the o
hydrogen atom contained in the ring W' is replaced by an

aromatic hydrocarbon group include the anions below. 55 //S\\_ o
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In the formula (IC), examples of the anion in which the
hydrogen atom contained in the ring W' is not replaced or is
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replaced only by a hydrocarbon group (the —CH,-contained
in the ring W' may be replaced by a —O—) are the anions
below.
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hydrogen atom contained in the ring W' is replaced by a
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In the formula (IC), examples of the anion having a ketone
structure in which one —CH,— contained in the ring W' is
replaced by —CO— group include the groups below.
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In the formula (ID), examples of the anion in which the X\O
hydrogen atom contained in the ring W' is not replaced or is ¢
replaced only by a hydrocarbon group (the —CH,— con- 5

tained in the ring W' may be replaced by —O—) include the
anions below.
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Examples of the Z* of the salt represented by the formula
In the formula (ID), examples of the anion having a ketone (D) include cations represented by the formula (IXa), the
structure in which one —CH,— contained in the ring W is 50 formula (IXb), the formula (IXc) and the formula (IXd).
replaced by —CO— group include the groups below.
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Further, examples of the anion represented by the formula P’ ps
(ID) include the anions below.
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wherein P*, P? and P¢ in the formula (IXz) independently
represent a linear or branched chain C, to C,, alkyl group, a
C; to C,q alicyclic hydrocarbon group or a C4 to C,, aromatic
hydrocarbon group, when any of P, P* and P¢ are the alkyl
group, the hydrogen atom contained in the alkyl group may be
replaced by a hydroxyl group, a linear or branched chain C, to
C,, alkyl group, a C, to C,, alkoxy group or a C; to C,,
saturated cyclic hydrocarbon group, and when any of P%, P?
and P are the alicyclic hydrocarbon group or the aromatic
hydrocarbon group, the hydrogen atom contained in the ali-
cyclic hydrocarbon group or the aromatic hydrocarbon group
may be replaced by ahalogen atom, a hydroxyl group, a linear
or branched chain C, to C,, alkyl group, a linear or branched
chain C, to C, alkoxy group, a C, to C,, aryl group, a C, to
C,, aralkyl group, a glycidoxy group and a C, to C, acyl

group;

P* and P° in the formula (IXb) independently represent a
hydrogen atom, a hydroxyl group, a linear or branched chain
C, to C,, alkyl group or a C, to C,, alkoxyl group;

P® and P7 in the formula (IXc) independently represent a
linear or branched chain C, to C,, alkyl groupora C;t0 C,,
cycloalkyl group, or PS and P” may be bonded to form a C, to
Cy,ring;

P?® represents a hydrogen atom;

P® represents a linear or branched chain C, to C,, alkyl
group or Cg4 to C,, aromatic cyclic group which is optionally
substituted with a C; to C,, cycloalkyl group, or P® and P®
may be bonded to form a C; to C,, ring;

P'° to P*! in the formula (IXd) independently represent a
hydrogen atom, a hydroxyl group, a C, to C,, alkyl group or
a C, to C,, alkoxyl group;

E represents a sulfur atom or an oxygen atom; and

m represents O or 1.

Examples of the alkyl group, the alicyclic hydrocarbon
group, the alkoxyl group, cyclic hydrocarbon group,
cycloalkyl group, aromatic hydrocarbon group include the
same meaning as defined above.

Among the cations represented by the formula (IXz), a
cation represented by the formula (IXa) is preferable.
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(TXa)

wherein P* to P? independently represent a hydrogen atom,
a hydroxyl group, a halogen atom, a linear or branched chain
C, to C,, alkyl group, a linear or branched chain C, to C,,
alkoxy group or a C, to C;, alicyclic hydrocarbon group, and
the hydrogen atom contained in the alicyclic hydrocarbon
group may be replaced by a halogen atom, a hydroxyl group,
a linear or branched chain C, to C,, alkyl group, a linear or
branched chain C, to C, , alkoxy group, aCsto C, , aryl group,
a C, to C,, aralkyl group, a glycidoxy group anda C, to C,
acyl group.

Particularly, the alicyclic hydrocarbon group is suitably a
group-containing adamantyl structure or isobornyl structure,
and preferably 2-alkyl-2-adamantyl group, 1-(1-adamantyl)-
1-alkyl group and isobornyl group.

Specific examples of the cation represented by the formula
(IXa) include a cation below.
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wherein P*2, P** and P** independently represent a hydro-
gen atom, a hydroxyl group, a halogen atom, a linear or
branched chain C, to C,, alkyl group or a linear or branched
chain C, to C,, alkoxy group.
60  Specific examples of the cation represented by the formula
@ Q (IXb) include a cation below.
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Specific examples of the cation represented by the formula

(IXc) include a cation below.
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Specific examples of the cation represented by the formula

(IXd) include a cation below.
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Among theses, Z" is preferably an arylsulfonium cation.

The above-mentioned anions and cations can be combined
desired.

Examples of the salt represented by the formula (I) include

the compounds represented by the formula (Xa) to the for-

mula (Xi).
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wherein P?°, P2 and P?’ independently represent a hydro-
gen atom, a linear or branched chain C, to C, aliphatic hydro-
carbon group or a C, to C;, alicyclic hydrocarbon group;

P2® and P*° independently represent a linear or branched
chain C, to C,, aliphatic hydrocarbon group or a C, to C;4
alicyclic hydrocarbon group, or P® and P® can be bonded
together to form a C, to Cq ring that includes S*;

P>° represent a linear or branched chain C, to C,, aliphatic
hydrocarbon group, a C, to C, alicyclic hydrocarbon group
or an optionally substituted Cg to C,,, aromatic hydrocarbon
group, or P?° and P! can be bonded together to form a C, to
C,, ring, and the —CH,— contained in the ring may be
replaced by —CO—, —O— —S— —SO,— or
—NRY)—;

Q', Q% and R° have the same meaning as defined above and

X*3 represents a single bond or a —CH,— group.

Examples of the ring formed by P*® and P*° bonded
together include tetrahydrothiophenium group.
Examples of the ring formed by P*° and P*' bonded

together include the group represented by the formula (W13)
to the formula (W15) described above.

Among the abovementioned combinations, examples
include the salts below.
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The salt represented by the formula (I) when the cation is
7™ can be produced according to the manufacturing methods
below. Furthermore, unless otherwise specified, the defini-
tions of substituents in the formulae below that show manu-
facturing methods for an acid generator have the same mean-
ing as defined above.

For example, the acid generator can be produced according
to a reaction method wherein the salt represented by the
formula (1) and the onium salt represented by the formula (3)
are reacted by being stirred in an inert solvent such as aceto-
nitrile, water, methanol, chloroform and methylene chloride,
or a aprotic solvent at a temperature in the range of about 0°
C. 10 150° C., and preferably 0° C. to 100° C.

Examples of aprotic solvents include dichloroethane, tolu-
ene, ethylbenzene, monochlorobenzene, acetonitrile and
N,N-dimethylformamide.

@®

1
- 1
M08 | XL
C
I
QZ

v!

3)
AVAS

wherein M* represents Li*, Na*, K* or Ag*; and

77! represents F~,C1~, Br~, 1", BF,~, AsF,~, SbF,~, PF ;" or
Clo, .

The amount of the onium salt of the formula (3) used is
generally in the range of 0.5 to 2 moles per 1 mole of the salt
represented by the formula (I). The salt is recovered by
recrystallization or purified by washing with water.

Among the salts represented by the formula (1), the salt
having the anion represented in the above-mentioned the
formula (IA) can be obtained from an esterification reaction
of'an alcohol represented by the formula (4) and a carboxylic
acid represented by the formula (5).

)
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The amount of the carboxylic acid represented by the for-
mula (5) used in the esterification reaction is generally in the
range of 0.2 to 3 moles per 1 mole of the alcohol represented
by the formula (4), and preferably in the range of 0.5 to 2
moles. The amount of an acid catalyst used in the esterifica-
tion reaction may be a catalytic amount, and it may be the
amount correspond to the amount of the solvent, and is gen-
erally in the range of 0.001 to 5 moles.

Additionally, among the salts represented by the formula
(1), the salt having the anion represented by the above-men-
tioned the formula (IA) can be produced by conducting the
esterification reaction of an alcohol represented by the for-
mula (6) and a carboxylic acid represented by the formula (7)
followed by a hydrolysis with an alkali metal hydroxide com-
pound represented by MOH.
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Examples of the MOH include lithium hydroxide, sodium
hydroxide and potassium hydroxide, and preferred examples
include lithium hydroxide and sodium hydroxide.

The above-mentioned esterification reaction is generally
carried out by stirring in the aprotic solvent the same as
mentioned above, in the temperature range of 20 to 200° C.,
preferably in the temperature range of 50 to 150° C.

In the esterification reaction, an organic acid such as
p-toluenesulfonic acid, or an inorganic acid such as sulfuric
acid may be generally added as an acid catalyst.

Further, a dehydrating agent can be used in the above-
mentioned esterification reaction.

Examples of the dehydrating agent include dicyclohexyl-
carbodiimide, 1-alkyl-2-halopyridinium salt, 1,1-carbonyldi-
imidazole, bis-(2-0x0-3-oxazolidinyl) phosphinic chloride,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo-
ride, di-2-pyridyl carbonate, di-2-pyridyl thionocarbonate
and 6-methyl-2-nitrobenzoic acid anhydride in the presence
of 4-(dimethylamino)pyridine.

Performing the esterification reaction using the acid cata-
lyst while water is being removed using a Dean-Stark appa-
ratus or the like, is preferable because it tends to shorten the
reaction time.

For the above-mentioned reaction, the same methods can
be applied in the manufacture of the salts having the anion
represented by the formula (IB).

Further, the salt having the anion represented by the above-
mentioned the formula (IC) can be obtained by an esterifica-
tion reaction of an alcohol represented by the formula (9) and
a carboxylic acid represented by the formula (8).
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The amount of the alcohol represented by the formula (9)
that is used in the esterification reaction is generally in the
range of 0.5 to 3 moles per 1 mole of the carboxylic acid
represented by the formula (8), and preferably in the range of
1 to 2 moles. The amount of the acid catalyst used in the
esterification reaction may be the amount of the catalyst, and
may be also the amount correspond to the amount of the
solvent, and is generally in the range 0f 0.001 to 5 moles per
1 mole of the carboxylic acid represented by the formula (8).
The amount of the dehydrating agent in the esterification
reaction is generally in the range of 0.5 to 5 moles per 1 mole
of the carboxylic acid represented by the formula (8), and
preferably in the range 1 to 3 moles.

In the esterification reaction of a carboxylic acid repre-
sented by the formula (8) and an alcohol represented by
formula (9), the carboxylic acid represented by the formula
(8) can also be converted to an acid halide followed by car-
rying out the reaction with the alcohol represented by the
formula (9).

Examples of the reagents for conversion to the acid halide
include thionyl chloride, thionyl bromide, phosphorus
trichloride, phosphorus pentachloride and phosphorus tribro-
mide.

Examples of the solvent used in the conversion reaction to
the acid halide include the same aprotic solvents as used
above. The reaction is suitably carried out by stirring in the
temperature range of 20 to 200° C., and preferably in the
temperature range of 50 to 150° C.

In the above-mentioned reaction, an amine compound can
be added as a catalyst.

The acid halide obtained can be used in a reaction with the
alcohol represented by the formula (9) in an inert solvent (for
example, the aprotic solvent), to obtain the salt having the
anion represented by the formula (IC). The reaction is pref-
erably carried out in the temperature range of 20 to 200° C.,
and more preferably in the temperature range of 50to 150° C.
The use of an acid trapping agent is appropriate.

Examples of acid trapping agents include organic bases
such as triethylamine and pyridine, or inorganic bases such as
sodium hydroxide, potassium carbonate and sodium hydride.

The amount of the acid trapping agent used can also cor-
respond to the amount of solvent, and is generally in the range
01'0.001 to 5 moles per 1 mole of the halide, and preferably 1
to 3 moles.

Further, for the manufacturing method for the salt that has
the anion represented by the above (IC), after the esterifica-
tion reaction of a carboxylic acid represented by the formula
(10) with an alcohol represented by the formula (11), there is
also a method to obtain a hydrolyzed salt with an alkali metal
hydroxide compound represented by MOH. M* represents
the same meaning as above.
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The esterification reaction of a carboxylic acid represented
by the formula (10) an alcohol represented by the formula
(11) can generally be carried out by stirring in the same
aprotic solvent as mentioned above, in the temperature range
0120 to 200° C., preferably in the temperature range of 50 to
150° C.

In the esterification reaction, the acid catalyst that is the
same as mentioned above is generally added.

The dehydrating agent such as mentioned above can be
added into this esterification reaction.

Examples of methods for the manufacture of the salt that
has an anion represented by the formula (ID) include a first
dehydration-condensation of an alcohol represented by the
formula (12) and an alcohol represented by the formula (13).
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In addition, in a manufacturing method for the salt that has
an anion represented by the formula (ID), after the reaction of
an alcohol represented by the formula (14) with an alcohol
represented by the formula (15), there is also a method to
obtain a hydrolyzed salt with an alkali metal hydroxide com-
pound represented by MOH.
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The reaction of the alcohol represented by the formula (14)
and the alcohol represented by the formula (15) can generally
be carried out by stirring in an aprotic solvent in the tempera-
ture range of 20 to 200° C., preferably in the temperature
range of 50 to 150° C.

In the above-mentioned reaction, an acid catalyst is gener-
ally used.

Furthermore, in the aforementioned reaction, the dehydrat-
ing agent as mentioned above can be added.

Performing the esterification reaction using the acid cata-
lyst while water is being removed using a Dean-Stark appa-
ratus or the like, is preferable because it tends to shorten the
reaction time.

The amount of the alcohol represented by the formula (14)
that is used in the reaction is in the range of 0.5 to 3 moles per
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1 mole of the alcohol represented by the formula (15), and
preferably in the range of 1 to 2 moles. For the acid catalyst in
the etherification reaction, the amount of catalyst can also
correspond to the amount of solvent, and is generally in the
range of 0.001 to 5 moles per 1 mole of the alcohol repre-
sented by the formula (15). The dehydrating agent in the
etherification reaction is in the range of 0.5 to 5 moles per 1
mole of the alcohol represented by the formula (15), and is
preferably in the range 1 to 3 moles.

For the reaction of the an alcohol represented by the for-
mula (16) and an alcohol represented by the formula (17), the
alcohol represented by the formula (17) can be converted into
a compound represented by the formula (18), and a reaction
can also be carried out with the compound represented by the
formula (18) and the alcohol represented by the formula (16).
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wherein L represents a chloride, bromine, iodine, mesy-
loxy group, tosyloxy group or trifluoromethanesulfonyloxy
group.

The conversion of the alcohol represented by the formula
(17) into the compound represented by the formula (18) can
be carried out, for example, by reaction of the alcohol repre-
sented by the formula (17) with thionyl chloride, thionyl
bromide, phosphorus trichloride, phosphorus pentachloride,
phosphorus tribromide, mesyl chloride, tosyl chloride or tri-
fluoromethanesulfonic acid anhydride.

The aforementioned reaction is carried out in the above-
mentioned inert solvents. Additionally, the aforementioned
reaction is carried out by stirring in the temperature range of
=70 to 200° C., preferably in the temperature range of —50 to
150° C. Moreover, the use of the acid trapping agent as
mentioned above is appropriate.

The amount of the base used can also correspond to the
amount of solvent, and is generally in the range 0f 0.001 to 5
moles per 1 mole of the alcohol represented in the formula
(17), preferably in the range of 1 to 3 moles.

By reacting the obtained compound represented by the
formula (18) in an inert solvent with the alcohol represented
by the formula (16), the salt that has the anion represented by
the formula (ID) can be obtained. The reaction is carried out
by stirring in the temperature range of 20 to 200° C., prefer-
ably in the temperature range of 50 to 150° C.

For the aforementioned reaction, the use of an acid trap-
ping agent is appropriate.

When the acid trapping agent is used, its amount can also
correspond to the amount of solvent, and is generally in the
range of 0.001 to 5 moles per 1 mole of the compound rep-
resented by the formula (18), preferably 1 to 3 moles.

In the resist composition of the present invention, the con-
tent of the acid generator (A) is preferably in the range of 1 to
20 parts by weight, and more preferably 1 to 15 parts by
weight with respect to 100 parts by weight of the resin (B).

In the resist composition of the present invention, the salt
represented by the formula (1) of the acid generator generates
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acid due to light exposure, that acts catalytically on the acid-
labile group in the resin, which is cleaved so that the resin
becomes soluble in aqueous alkali. Such a resist composition
is suitable as a chemically amplified positive photoresist com-
position.

Furthermore, in addition to the salt represented in the for-
mula (I), a photoinitiator for photo-cationic polymerization,
photoinitiator for photo-radical polymerization, photo-decol-
orizing agent, photo-color changing agent, a compound gen-
erally known for generating acid due to irradiation with acti-
vating light rays or radiation used in micro-resists and a
mixture thereof can be used by suitably selecting as the acid
generator of the resist composition of the present invention.

Examples include a diazonium salt, a phosphonium salt, a
sulfonium salt, an iodonium salt, an imidosulfonate, an
oximesulfonate, a diazodisulfone, a disulfone, an o-nitroben-
zenesulfonate.

In addition, for a group or a compound which generate an
acid by irradiation with such activating light rays or radiation
that are introduced into a polymer main chain or a side chain,
for example, compounds described in U.S. Pat. No. 3,849,
137, DE Pat. 3914407, JP-S63-26653 A, JP-S55-164824 A,
JP-S62-69263 A, JP-S63-146038 A, JP-S63-163452 A,
JP-S62-153853 A, and JP-S63-146029 A can be used.

Further, compounds which generate an acid by light
described in U.S. Pat. No. 3,779,778 and EP 126712 A can be
also used.

In the resist composition of the present invention, the con-
tent of the acid generator is preferably in the range of 1 to 20
parts by weight, and more preferably 1 to 15 parts by weight
with respect to 100 parts by weight of the resin.

When a composition containing the acid generator and
resin described above is used for a resist composition, a basic
compound can be contained therein. As the basic compounds,
nitrogen-containing basic compounds are preferable and,
amines and ammonium salts are more preferable. The basic
compound can be added as a quencher to improve perfor-
mance from being compromised by the inactivation of the
acid while the material is standing after exposure.

The Examples of such basic compounds include those
represented by the following formulae.
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wherein R'*, R*?; R'7; R'® and R'® independently repre-
sent ahydrogen atom, a C, to C4 aliphatic hydrocarbon group,
a Cs to C,, alicyclic hydrocarbon group or a Cg4 to C,,, aro-
matic hydrocarbon group, the hydrogen atom contained in the
aliphatic hydrocarbon group, alicyclic hydrocarbon group
and aromatic hydrocarbon group may be replaced by a
hydroxyl group, an amino group or a C, to C alkoxyl group,
the hydrogen atom contained in the amino group may be
placed by a C, to C, aliphatic hydrocarbon group;

R* to R*® independently represent a hydrogen atom, a
linear or branched chain C, to Cg4 aliphatic hydrocarbon
group, a linear or branched chain C, to C, alkoxyl group,a Cy
to C,, alicyclic hydrocarbon group, a C4 to C,, aromatic
hydrocarbon group or a nitro group, the hydrogen atom con-
tained in the aliphatic hydrocarbon group, the alkoxyl group,
the alicyclic hydrocarbon group and aromatic hydrocarbon
group may be replaced by a hydroxyl group, an amino group
or a linear or branched chain C; to Cy alkoxy group, the
hydrogen atom contained in the amino group may be replaced
by a linear or branched chain C, to C, aliphatic hydrocarbon
group, or R'* and R'* may be bonded together to form an
aromatic ring;

R'¢ and R?° represent a linear or branched chain C, to Cg4
aliphatic hydrocarbon group or a Cs to C,, alicyclic hydro-
carbon group, the hydrogen atom contained in the aliphatic
hydrocarbon group and the alicyclic hydrocarbon group may
be replaced by a hydroxyl group, an amino group or a linear
or branched chain C, to C, alkoxy group, the hydrogen atom
contained in the amino group may be replaced by a linear or
branched chain C, to C, aliphatic hydrocarbon group;

W represents a C, to Cg alkylene group, a carbonyl group,
an imino group, a sulfide group or a disulfide group.

Specific examples of such compounds include hexy-
lamine, heptylamine, octylamine, nonylamine, decylamine,
aniline, 2-, 3- or 4-methylaniline, 4-nitroaniline, diisopropy-
laniline, 1- or 2-naphtylamine, ethylenediamine, tetrameth-
ylenediamine, hexamethylenediamine, 4,4'-diamino-1,2-
diphenylethane, 4,4'-diamino-3,3'-
dimethyldiphenylmethane, 4.,4'-diamino-3,3'-
diethyldiphenylmethane, dibutylamine, dipentylamine,
dihexylamine, diheptylamine, dioctylamine, dinonylamine,
didecylamine, N-methylaniline, piperidine, diphenylamine,
triethylamine, trimethylamine, tripropylamine, tributy-
lamine, tripentylamine, trihexylamine, triheptylamine, trio-
ctylamine, trinonylamine, tridecylamine, methyldibuty-
lamine, methyldipentylamine, methyldihexylamine,
methyldicyclohexylamine, methyldiheptylamine, methyl-
dioctylamine, methyldinonylamine, methyldidecylamine,
ethyldibutylamine, ethydipentylamine, ethyldihexylamine,
ethydiheptylamine, ethyldioctylamine, ethyldinonylamine,
ethyldidecylamine, dicyclohexylmethylamine, tris[2-(2-
methoxyethoxy)ethyl]amine, triisopropanolamine, N,N-
dimethylaniline, 2,6-isopropylaniline, imidazole, pyridine,
4-methylpyridine, 4-methylmidazole, bipyridine, 2,2'-dipy-
ridylamine, di-2-pyridyl ketone, 1,2-di(2-pyridyl)ethane,
1,2-di(4-pyridyl)ethane, 1,3-di(4-pyridyl)propane, 1,2-bis
(2-pyridyl)ethylene, 1,2-bis(4-pyridyl)ethylene, 1,2-bis(4-
pyridyloxy)ethane, 4,4'-dipyridyl sulfide, 4,4'-dipyridyl dis-
ulfide, 1,2-bis(4-pyridyl)ethylene, 2,2'-dipicolylamine, 3,3'-
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dipicolylamine, tetramethylammonium hydroxide,
tetraisopropylammonium hydroxide, tetrabutylammonium
hydroxide, tetra-n-hexylammonium hydroxide, tetra-n-octy-
lammonium hydroxide, phenyltrimethylammonium hydrox-
ide, 3-(trifluoromethyl)phenyltrimethylammonium hydrox-
ide, and (2-hydroxyethyl)trimethylammonium hydroxide
(choline). Among these, diisopropylaniline is preferable.

Furthermore, hindered amine compounds with a piperidine
skeleton such as those disclosed in JP-A-H11-52575 can be
used as a quencher.

In the present resist composition, the content of the resin is
preferably in the range of about 80 to 99.9 wt %, and the
content of the acid generator is preferably in the range of
about 0.1 to 20 wt %, based on the total amount of solids.

The content of the basic compound serving as a quencher in
the chemically amplified resist composition, if used, is pref-
erably in the range of about 0.01 to 1 wt %, based on the total
amount of solids in the resist composition.

The resist composition can also include small amounts of
various additives such as sensitizers, dissolution inhibitors,
other resins, surfactants, stabilizers, and dyes, as needed.

The resist composition of the present invention is generally
a resist solution, with the various ingredients above dissolved
in a solvent, and is applied onto a substrate such as a silicon
wafer by a method industrially-used such as spin coating. The
solvent used here can be any solvent that is industrially used
in the field and that dissolves the ingredients, dries at a suit-
able rate, and results in a smooth, uniform film after evapo-
rating off.

Examples thereof include glycol ether esters such as eth-
ylcellosolve acetate, methylcellosolve acetate and propylene
glycol monomethyl ether acetate; ethers such as diethylene
glycol dimethyl ether; esters such as ethyl lactate, butyl
acetate, amyl acetate and ethyl pyruvate; ketones such as
acetone, methyl isobutyl ketone, 2-heptanone and cyclohex-
anone; and cyclic esters such as y-butyrolactone. These sol-
vents can be used alone or in combination of two or more.

The method for pattern formation of the present invention
includes steps of:

(1) applying the abovementioned resist composition of the
present invention onto a substrate;

(2) removing solvent from the applied composition to form
a composition layer;

(3) exposing to the composition layer using an exposure
device (or liquid immersion exposure device);

(4) heating the exposed composition layer and,

(5) developing the heated composition layer using a devel-
oping apparatus.

The application of the resist composition onto the substrate
can generally be carried out through the use of a device such
as a spin coater.

The removal of the solvent, for example, can either be
carried out by evaporation of the solvent using a heating
device such as a hotplate, or can be carried out using a decom-
pression device, and a composition layer with the solvent
removed is formed. The temperature in this case is generally
the range of 50 to 200° C. Moreover, the pressure is generally
the range of 1 to 1.0x10° Pa.

The composition layer obtained is exposed to light using an
exposure device or a liquid immersion exposure device. The
exposure is generally carried out through a mask that corre-
sponds to the required pattern. Various types of exposure light
source can be used, such as irradiation with ultraviolet lasers
such as KrF excimer laser (wavelength: 248 nm), ArF exci-
mer laser (wavelength: 193 nm), F, laser (wavelength: 157
nm), or irradiation with far-ultraviolet wavelength-converted
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laser light from a solid-state laser source (YAG or semicon-
ductor laser or the like) or vacuum ultraviolet harmonic laser
light or the like.

After exposure, the composition layer is subjected to a heat
treatment to promote the deprotection reaction. The heating
temperature is generally in the range of 50 to 200° C., pref-
erably in the range of 70 to 150° C.

The composition layer is developed after the heat treat-
ment, generally by utilizing an alkaline developing solution
using a developing apparatus. Here, for the alkaline develop-
ing solution, various types of aqueous alkaline solutions used
in this field can be satisfactory. Examples include aqueous
solutions of tetramethylammonium hydroxide and (2-hy-
droxyethyl)trimethylammonium hydroxide (common name:
choline).

After developing, it is preferable to rinse with ultrapure
water and to remove any residual water on the substrate and
the pattern.

EXAMPLES

The resist composition of the present invention will be
described more specifically by way of examples, which are
not construed to limit the scope of the present invention.

All percentages and parts expressing the content or
amounts used in the Examples and Comparative Examples
are based on weight, unless otherwise specified.

The weight average molecular weight is a value deter-
mined by gel permeation chromatography (Toso Co. Itd.
HLC-8120GPC type, columun: three of TSK gel Multipore
HXL-M, solvent: tetrahydroflun) using polystyrene as the
standard product.

Columun: TSKgel Multipore H,,-M 3 connecting+guard-
column (Toso Co. Itd.)

Eluvant: tetrahydrofran

Flow rate: 1.0 mL/min

Detecting device: RI detector

Columun temperature: 40° C.

Injection amount: 100 pL.

Standard material for calculating molecular weight: stan-
dard polysthylene (Toso Co. 1td.)

The structures of the compounds were verified by NMR
(Nippon electric, GX-270 type or EX-270 type) and mass
analysis (LC:Agilent 1100 type, MASS:Agilent LC/MSD
type or LC/MSD TOF type).

(Synthesis of Acid Generator A1)

To 100 parts of methyl diftuoro(fluorosulfonyl)acetate
ester and 150 parts of ion-exchanged water, 230 parts of 30%
sodium hydroxide aqueous solution was added in the form of
drops in an ice bath. The resultant mixture was refluxed for 3
hours at 100° C., cooled, and then neutralized with 88 parts
concentrated hydrochloric acid. The resulting solution was
concentrated, giving 164.4 parts of sodium difluorosulfoac-
etate (containing inorganic salt: 62.7% purity).

1.0 parts of 1,1'-carbonyldiimidazol was added to a mix-
ture of 1.9 parts of the resulting sodium salt of difluorosul-
foacetateic acid (62.7% purity) and 9.5 parts of N,N-dimeth-
ylformamide, and the resultant mixture was stirred for 2 hours
to obtain a mixture. Also, 0.2 parts of sodium hydride was
added to a mixture of 1.1 parts of 3-hydroxyadamantyl
methanol and 5.5 parts of N,N-dimethylformamide, and the
resultant mixture was stirred for 2 hours. To thus obtained
mixture solution, the above obtained mixture was added. The
resulting mixture was stirred for 15 hours to obtain a solution
containing sodium salt of (3-hydroxy-1-adamantyl)methoxy-
carbonyl)difluoromethanesulfonic acid. Just as obtained
solution was used for next reaction.
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To thus obtained solution containing sodium salt of (3-hy-
droxy-1-adamantyl)methoxycarbonyl)difluoromethane-
sulfonic acid 17.2 parts of chloroform and 2.9 parts of 14.8%
triphenylsulfonium chloride were added, and the resulting
mixture was stirred for 15 hours, separated, and a water layer
was extracted with 6.5 parts of chloroform to obtain an
organic layer. The obtained organic layers were mixed, and
washed with ion-exchanged water, and the resulting organic
layer was concentrated. To the concentrate was added 5.0
parts of tert-bythyl methyl ether, the resulting mixture was
stirred, and filtrated, giving 0.2 parts of triphenylsulfonium
(3-hydroxy-1-adamantyl)methoxycarbonyl) diftuo-
romethanesulfonate (A1) in the form of a white solid.

(Al)
OH
F F
o)
S+ “058
0

(Synthesis of Acid Generator A2)

HO
+
O0—S
O// \\O
(aa-1-a)
F
OH
St 038 —_—
F
¢}
(aa-1-b)
F
O
St 038
F
¢}

O0—S§,
O// \\O
(aa-1-1)

30.00 parts of the compound (aa-1-b), 120.00 parts of
monochlorobenzene and 16.00 parts of the compound (aa-1-
a) were charged, and into this was 1.40 parts of sulfuric acid
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was charged while stirring at 23° C., thus obtained mixture
was elevated temperature to 125° C., and concentrated. The
resulting reactant was added 4.00 parts of molecular sieve
(4A, Wako Pure Chemical Industries, [.td.), refluxed and
dehydrated for 8 hours at 125° C., and concentrated. The
obtained concentrate was added 166 parts of chloroform and
83 parts of ion-exchanged water, washed, and separated to
obtain an organic layer. This washing was repeated total 6
times, and the resulting solution was added 1.66 parts of an
activated carbon, stirred, and filtered. The obtained filtrate
was concentrated, giving 42.26 parts of pale yellow oil.

To the obtained pale yellow oil was added 42.26 parts of
acetonitrile, and homogenized, and further added 126.78
parts of methyl-tert-buthylether. The mixture was stirred, and
then stood. The lower layer within the separated two layers
was recovered, was added 42.26 parts of acetonitrile, and
homogenized. After that, To the obtained mixture was further
added 126.78 parts of methyl-tert-buthylether. The mixture
was stirred, and stood. The lower layer within the separated
two layers was recovered, concentrated, stirred and filtered,
giving 8.53 parts of a compound (aa-1-1) (yield: 20%) as a
white solid. The resulting compound (aa-1-1) was designated
A2.

MS (ESI(+)Spectrum):M* 263.1

MS (ESI(-)Spectrum):M™ 347.0

'H-NMR (chloroform-d, internal standard material tetram-
ethylsilane): d(ppm) 1.77-1.79 (m, 1H), 2.03-2.07 (m, 1H),
2.16-2.21 (m, 1H), 2.27-2.29 (m, 1H), 2.65 (m, 1H), 3.45-
3.47 (m, 1H), 3.50-3.53 (m, 1H), 4.77 (m, 1H), 4.82-4.83 (m,
1H), 7.71-7.81 (m, 15H).

A compound H below corresponds to a compound repre-
sented by the formula (aa) of the present invention.

Synthesis of Resin B1)

Monomer E, monomer F, monomer B, monomer H and
monomer D were charged with molar ratio 28:14:6:21:31,
and dioxane was added thereto in an amount equal to 1.5
weight times of the total amount of monomers to obtain a
solution. Azobisisobutyronitrile and azobis(2,4-dimeth-
ylvaleronitrile) was added as an initiator thereto in an amount
of'1 mol % and 3 mol % respectively with respect to the entire
amount of monomers, and the resultant mixture was heated
for about 5 hours at 75° C. After that, the reaction solution was
poured into a mixture methanol and ion-exchanged water in
large amounts to precipitate. These: operations were repeated
3 times for purification, giving 64% yield of copolymer hav-
ing a weight average molecular weight of about 7600. This
copolymer, which had the structural units derived from the
monomers of the follow ng formula, was designated Resin
BI1.

CH,
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(Synthesis of Resin B2) CH,

Monomer F, monomer E, monomer B, monomer H and
monomer C were charged with molar ratio 40:10:8:26:16,
and dioxane was added thereto in an amount equal to 1.2
weight times of the total amount of monomers. Azobisisobu-
tyronitrile and azobis(2,4-dimethy] valeronitrile) was added
as an initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to o]
precipitate. These operations were repeated 3 times for puri-
fication, giving 62% yield of copolymer having a weight (Synthesis of Resin B3)
average molecular weight of about 7100. This copolymer, 65 = Monomer F, monomer E, monomer B, monomer H and
which had the structural units derived from the monomers of monomer C were mixed with molar ratio 40:10:8:16:26, and
the following formula, was designated Resin B2. dioxane was added thereto in an amount equal to 1.2 weight
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times of the total amount of monomers. Azobisisobutyroni-
trile and azobis(2,4-dimethylvaleronitrile) was added as an
initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to
precipitate. These operations were repeated 3 times for puri-
fication, giving 69% yield of copolymer having a weight
average molecular weight of about 6900. This copolymer,
which had the structural units derived from the monomers of
the following formulae, was designated Resin B3.
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-continued
C
CH;
CH,
(6]
(6] (0]
(@]
(6]
6]
(Synthesis of Resin B4)

Monomer F, monomer E, monomer B, monomer H, mono-
mer D and monomer C were mixed with molar ratio 40:10:
8:10:22:10, and dioxane was added thereto in an amount
equal to 1.2 weight times of the total amount of monomers.
Azobisisobutyronitrile and azobis(2,4-dimethyl valeroni-
trile) was added as an initiator thereto in an amount of 1 mol
% and 3 mol % respectively with respect to the entire amount
of monomers, and the resultant mixture was heated for about
5 hours at 75° C. After that, the reaction solution was poured
into a mixture of methanol and ion-exchanged water in large
amounts to precipitate. These operations were repeated 3
times for purification, giving 61% yield of copolymer having
a weight average molecular weight of about 6600. This
copolymer, which had the structural units derived from the
monomers of the following formulae, was designated Resin
B4.

E
CH;
CH,
0
%
F
CH;
CH,
0
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(Synthesis of Resin B5)

Monomer E, monomer F, monomer I, monomer H and
monomer D were mixed with molar ratio 40:10:8:26:16, and
dioxane was added thereto in an amount equal to 1.2 weight
times of the total amount of monomers. Azobisisobutyroni-
trile and azobis(2,4-dimethyl valeronitrile) was added as an
initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to
precipitate. These operations were repeated 3 times for puri-
fication, giving 66% yield of copolymer having a weight
average molecular weight of about 7000. This copolymer,
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which had the structural units derived from the monomers of
the following formulae, was designated Resin B5.
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(Synthesis of Resin B6)

Monomer E, monomer F, monomer I, monomer H and
monomer D were mixed with molar ratio 40:10:5:25:20, and
dioxane was added thereto in an amount equal to 1.2 weight
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times of the total amount of monomers. Azobisisobutyroni-
trile and azobis(2,4-dimethyl valeronitrile) was added as an
initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to
precipitate. These operations were repeated 3 times for puri-
fication, giving 75% yield of copolymer having a weight
average molecular weight of about 7000. This copolymer,
which had the structural units derived from the monomers of
the following formulae, was designated Resin B6.
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-continued
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(Synthesis of Resin B7)

Monomer E, monomer F, monomer I, monomer B, mono-
mer H and monomer D were mixed with molar ratio 40:10:
4:4:22:20, and dioxane was added thereto in an amount equal
to 1.2 weight times of the total amount of monomers. Azobi-
sisobutyronitrile and azobis(2,4-dimethyl valeronitrile) was
added as an initiator thereto in an amount of 1 mol % and 3
mol % respectively with respect to the entire amount of
monomers, and the resultant mixture was heated for about 5
hours at 75° C. After that, the reaction solution was poured
into a mixture of methanol and ion-exchanged water in large
amounts to precipitate. These operations were repeated 3
times for purification, giving 69% yield of copolymer having
a weight average molecular weight of about 7000. This
copolymer, which had the structural units derived from the
monomers of the following formulae, was designated Resin
B7.

CH,
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(Synthesis of Resin B8)

Monomer A, monomer J and monomer H were mixed with
molar ratio 52.6:15.8:31.6, and dioxane was added thereto in
an amount equal to 1.5 weight times of the total amount of
monomers. Azobisisobutyronitrile and azobis(2,4-dimethyl
valeronitrile) was added as an initiator thereto in an amount of
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1 mol % and 3 mol % respectively with respect to the entire
amount of monomers, and the resultant mixture was heated
for about 5 hours at 78° C. After that, the reaction solution was
poured into a mixture of methanol and ion-exchanged water
in large amounts to precipitate. These operations were
repeated 3 times for purification, giving 74% yield of copoly-
mer having a weight average molecular weight of about 7000.
This copolymer, which had the structural units derived from
the monomers of the following formulae, was designated
Resin BS.
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(Synthesis of Resin X1)

Monomer E, monomer F, monomer B, monomer C and
monomer D were mixed with molar ratio 28:14:6:21:31, and
dioxane was added thereto in an amount equal to 1.5 weight
times of the total amount of monomers. Azobisisobutyroni-
trile and azobis(2,4-dimethyl valeronitrile) was added as an
initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to
precipitate. These operations were repeated 3 times for puri-
fication, giving 74% yield of copolymer having a weight
average molecular weight of about 8500. This copolymer,
which had the structural units derived from the monomers of
the following formulae, was designated Resin X1.
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(Synthesis of Resin X2)

Monomer A, monomer B and monomer D were mixed with
molar ratio 50:25:25, and dioxane was added thereto in an
amount equal to 1.5 weight times of the total amount of
monomers. Azobisisobutyronitrile and azobis(2,4-dimethyl
valeronitrile) was added as an initiator thereto in an amount of
1 mol % and 3 mol % respectively with respect to the entire
amount of monomers, and the resultant mixture was heated
for about 5 hours at 77° C. After that, the reaction solution was
poured into a mixture of methanol and ion-exchanged water
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in large amounts to precipitate. These operations were
repeated 3 times for purification, giving 55% yield of copoly-
mer having a weight average molecular weight of about 8100.
This copolymer, which had the structural units derived from
the monomers of the following formulae, was designated
Resin X2.
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(Synthesis of Resin X3)

Monomer E, monomer F, monomer B, monomer G and
monomer D were charged with molar ratio 28:14:6:21:31,
and dioxane was added thereto in an amount equal to 1.5
weight times of the total amount of monomers. Azobisisobu-
tyronitrile and azobis(2,4-dimethyl valeronitrile) was added
as an initiator thereto in an amount of 1 mol % and 3 mol %
respectively with respect to the entire amount of monomers,
and the resultant mixture was heated for about 5 hours at 75°
C. After that, the reaction solution was poured into a mixture
of methanol and ion-exchanged water in large amounts to
precipitate. These operations were repeated 3 times for puri-
fication, giving 70% yield of copolymer having a weight
average molecular weight of about 8000. This copolymer,
which had the structural units derived from the monomers of
the following formulae, was designated Resin X3.
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of copolymer having a weight average molecular weight of
E about 7300. This copolymer, which had the structural units
derived from the monomers of the following formulae, was
designated Resin X4.
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Examples and Comparative Examples
O0—S5,
O// \\O The resist compositions were prepared by mixing and dis-

solving each of the components shown in Tables 1 to 5, and

CH; 45 then filtering through a fluororesin filter having 0.2 wm pore
CH, diameter.
0 TABLE 1
O O . .
50 Resin Acid generator Quencher PB/PEB
(parts) (parts) (parts) cC)
bo) Ex. 1 B1=10 A1=0.50 Q1=0.07  95°C/95°C.
Ex.2 X2/B1=5/5 Al=0.50 Q1=0.07  95°C/95°C.
Comp. Ex.1 X2=10 A1=0.50 Q1=0.07 85°C/85°C.
. . 55
(Synthesis of Resin X4)
Monomer A, monomer J and monomer G were charged
with molar ratio 52.6:15.8:31.6, and dioxane was added TABLE 2
thereto in an amount equal to 1.5 weight times of the total Resin Acid generator Quencher PB/PEB
amount of monomers. Azobisisobutyronitrile and azobis(2,4- (parts) (parts) (parts) “c)
dimethyl valeronitrile) was added as an 1F11t1ator.thereto inan Ex 3 Bl-10 2 = 1.50 QL=0.13 100°C./100° C.
amount of 1 mol % and 3 mol % respectively with respect to Ex. 4 X2/B1=5/5 A2=1.50 Q1=0.13 100°C./100° C.
the entire amount of monomers, and the resultant mixture was Ex. 5 BI/X3=5/5 A2=1.50 Q1=0.13 100° C./100° C.
o : Ex. 6 Bl =10 Al=1.50 Q1=0.13 100°C./100° C.
heated for about 5 hours at 78° C. After that, the reaction Comp. X2 - 10 Nl - 150 QL=0.13 100° C/1000° C.

solution was poured into a mixture of methanol and ion- 65 gy >
exchanged water in large amounts to precipitate. These opera-
tions were repeated 3 times for purification, giving 68% yield
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TABLE 3
Resin Acid generator Quencher PB/PEB
(parts) (parts) (parts) )
Ex. 7 B2=10 Al =1.00 Q1 =0.02 100° C./100° C.
Ex. 8 B3 =10 Al =1.00 Q1 =0.02 100° C./100° C.
Ex. 9 B4=10 Al =1.00 Q1 =0.02 100° C./100° C.
Comp. Ex. 3 X2=10 Al =1.00 Q1 =0.02 100° C./100° C.
TABLE 4
Resin Acid generator Quencher PB/PEB
(parts) (parts) (parts) e
Ex. 10 B5=10 Al =1.00 Q1 =0.02 100° C./100° C.
Ex. 11 B6 =10 Al =1.00 Q1 =0.02 100° C./100° C.
Ex. 12 B7=10 Al =1.00 Q1 =0.02 100° C./100° C.
Comp. Ex. 4 X2=10 Al =1.00 Q1 =0.02 100° C./100° C.
TABLE 5
Resin Acid generator Quencher PB/PEB
(parts) (parts) (parts) ce)
Ex. 13 B1=10 Al =050 Q1 =0.07 95° C./95° C.
Ex. 14 X1/B1=3/7 Al=0.50 Q1 =0.07 95° C./95° C.
Ex. 15 B8 =10 Y1=0.50 Q1 =0.07 95° C./95° C.
Comp. Ex. 5 X2=10 Al =050 Q1 =0.07 95° C./95° C.
Comp. Ex. 6 X4=10 Y1=0.50 Q1 =0.07 95° C./95° C.
<Acid Generator>
Y1:
(YD)
F F
e}
S+ 038
F F
<Basic Compound:Qencher>
Ql: 2.6-diisopropylaniline,
<Solvent of Resist Composition>
Propylene glycol monomethyl ether acetate 265 parts
2-Heptanone 20 parts
Propylene glycol monomethyl ether 20 parts
y-butyrolactone 3.5 parts

[Evaluation of Resist Composition]

A composition for an organic antireflective film (“ARC-
29A-8”, by Nissan Chemical Co. Litd.) was applied onto
silicon wafers and baked for 60 seconds at 205° C. to form a
78 nm thick organic antireflective film.

The above resist liquids were then applied thereon by spin
coating so that the thickness of the resulting film became 85
nm after drying.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 1.
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Line and space patterns were then exposed through step-
wise changes in exposure quantity using an ArF excimer
stepper (“FPAS000-AS3” by Canon: NA=0.75, 2/3 Annular),
on the wafers on which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 1.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Table 6 gives the results of scanning electron microscopy
of the developed dark field pattern on the organic antireflec-
tive film substrate.

The dark field pattern referred to here is a pattern in which
the resist layer remains around the line and space pattern
following exposure and development, as obtained by expo-
sure through a reticle in which lines based on a chrome layer
(light-blocking layer) were formed on the outside of a glass
surface (the light transmitting portion) and development.

Effective sensitivity: It was represented as the exposure
amount at which a 100 nm line and space pattern resolved to
1:1.

Line edge roughness (LER) evaluation: when the wall sur-
face of the resist pattern following the lithography process
was observed using a scanning electron microscope, a O was
given if the discontinuities in the resist pattern side wall have
a contact width=9 nm, and it received an X if these are >9 nm.

Mask error factor (MEF) evaluation: an 85 nm line and
space pattern was exposed to light with a 1:1 exposure, and
corresponding mask patterns were formed with mask sizes of
90 nm, 95 nm and 100 nm. Mask size was plotted on the
horizontal axis, and the line width of the line pattern formed
by using each of'the mask patterns was plotted on the vertical
axis. A O was given when the slope of the line was <2.4, it
received a A if this was >2.4 and <2.5, and it received an X if
this was >2.5.

Table 6 gives the there results.

TABLE 6
LEW MEF
Ex. 1 O O
Ex.2 O O
Comp. Ex. 1 X X

[Evaluation of Resist Composition for Immersion Lithogra-
phy]

An organic antireflective film and the resist composition
film were formed on the silicon wafers same as the above
Examples.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 2.

Line and space patterns were then exposed through step-
wise changes in exposure quantity using an ArF excimer
stepper for immersion lithography (“XT:1900Gi” by ASML
Ltd.: NA=1.35, 3/4 Annular, x-y deflection), on the wafers on
which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 2.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Effective sensitivity: It was represented as the exposure
amount at which a 50 nm line and space pattern resolved to
1:1.
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Evaluation of Resolution: a resist pattern exposed as effec-
tive sensitivity was observed with a scanning electron micro-
scope, these were evaluated with a 0 for having more resolu-
tion than 45 nm, and with an X for not having as much
resolution as 45 nm.

Pattern collapse (PCM) evaluation: when the amount of
exposure was increased with a 45 nm line and space pattern,
a O was given if collapse was observed, or if the pattern was
observed to disappear due to delamination when the line
width was finer than 38 nm, and it received an X if collapse
was observed, or if the pattern was observed to disappear due
to delamination when the line width is nm.

Focus margin (DOF) evaluation: for the effective sensitiv-
ity, when the focus fluctuated with a standard width as the
range with a line width of 50 nm=5% (47.5 t0 52.5 nm), a O
was given when the DOF was 0.15 um, a A when the DOF was
20.10 um and <0.15 pum, and it received an X if the DOF was
<0.10 pm.

Table 7 gives the there results.

TABLE 7
Resolution PCM DOF
Ex.3 O O O
Ex.4 O O O
Ex.5 O O O
Ex. 6 O O O
Comp. Ex. 2 X X X

[Evaluation of Resist Composition for Immersion Lithogra-
phy]

An organic antireflective film and the resist composition
film were formed on the silicon wafers same as the above
Examples.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 3.

Contact hole patterns with hole pitch of 100 nm and hole
diameter of 70 nm were then exposed through stepwise
changes in exposure quantity using an ArF excimer stepper
for immersion lithography (“XT:1900Gi” by ASML Ltd.:
NA=1.35, 3/4 Annular, x-y deflection), on the wafers on
which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 3.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Effective sensitivity was represented as the exposure
amount at which a hole pattern formed from a mask with a
hole diameter of 70 nm is resolved to 55 nm of a hole diam-
eter.

Resolution evaluation: in the effective sensitivity with a
substrate in which a pattern formed from a mask with a 70 nm
hole diameter was resolved, a O was given when a pattern
formed from a mask with a hole diameter smaller than 67 nm
is resolved, a A was given when a pattern formed from a mask
with a hole diameter=67 nm and <70 nm was resolved, and
received an X when a pattern formed from a mask with a hole
diameter<70 nm could not be resolved.

Pattern (PCM) evaluation: when the amount of exposure
was increased for a hole pattern formed from a mask with a
hole diameter of 70 hole diameter, a O was given when a
pattern was formed with a hole line thickness greater than 60
nm, a A was given when a pattern was formed with a hole line
thickness that exceeds 57 nm but was <60 nm, and it received
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an X when the line thickness was <57 nm, when it was joined
to the adjacent pattern, or when the pattern disappeared due to
delamination.

Mask error factor (MEF) evaluation: for the effective sen-
sitivity, the MEF was calculated from the slope of the line
when the respective hole diameters of 72 nm, 71 nm, 70 nm,
69 nm, and 68 nm for the masks that form the patterns were
plotted on the horizontal axis, and the hole diameters of the
pattern were plotted on the vertical axis A O was given when
the slope was <2.8, a A when it was =2.8 but <3.0, and it was
judged as an X when it was larger than 3.0.

Table 8 gives the there results.

TABLE 8
Resolution PCM MEF
Ex. 7 O O O
Ex. 8 O O O
Ex. 9 O O O
Comp. Ex. 3 X X X

[Evaluation of Resist Composition for Immersion Lithogra-
phy]

An organic antireflective film and the resist composition
film were formed on the silicon wafers same as the above
Examples.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 4.

Contact hole patterns with hole pitch of 100 nm and hole
diameter of 70 nm were then exposed through stepwise
changes in exposure quantity using an ArF excimer stepper
for immersion lithography (“XT:1900Gi” by ASML Ltd.:
NA=1.35, 3/4 Annular, x-y deflection), on the wafers on
which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 4.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Effective sensitivity was represented as the exposure
amount at which a hole pattern formed from a mask with a
hole diameter of 70 nm is resolved to 55 nm of a hole diam-
eter.

Resolution evaluation: in the effective sensitivity with a
substrate in which a pattern formed from a mask witha 70 nm
hole diameter was resolved, a O was given when a pattern
formed from a mask with a hole diameter smaller than 67 nm
is resolved, a A was given when a pattern formed from a mask
with a hole diameter=67 nm and <70 nm was resolved, and
received an X when a pattern formed from a mask with a hole
diameter<70 nm could not be resolved.

Focus margin (DOF) evaluation: for the effective sensitiv-
ity, DOF was represented as the focus range with a hole
diameter of 252.2 um and 57.7 pm, a O was given when the
DOF was =0.18 um, a A when the DOF was =0.15 um but
<0.18 um, and it received an X if the DOF was <0.15 pm

Table 9 gives the there results.
TABLE 9
Resolution DOF
Ex. 10 O O
Ex. 11 O O
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TABLE 9-continued
Resolution DOF
Ex. 12 O O
Comp. Ex. 4 X X

[Evaluation of Resist Composition for Immersion Lithogra-
phy]

An organic antireflective film and the resist composition
film were formed on the silicon wafers same as the above
Examples.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 5.

Line and space patterns were then exposed through step-
wise changes in exposure quantity using an ArF excimer
stepper for immersion lithography (“XT:1900Gi” by ASML
Ltd.: NA=1.35, 3/4 Annular, x-y deflection), on the wafers on
which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 5.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Effective sensitivity: It was represented as the exposure
amount at which a 50 nm line and space pattern resolved to
1:1.

Evaluation of Resolution: a resist pattern exposed as effec-
tive sensitivity was observed with a scanning electron micro-
scope, these were evaluated with a 0 for having more resolu-
tion than 45 nm, and with an X for not having as much
resolution as 45 nm.

Shape evaluation: a 50 nm line and space pattern was
observed using a scanning electron microscope. Top shape
and footing shape that were satisfactorily close to rectangular
were judged as O, and it was judged as an X when the top
shape is rounded or close to a letter T shape, or when tailing
was observed.

Focus margin (DOF) evaluation: for the effective sensitiv-
ity, when the focus fluctuated with a standard width as the
range with a line width of 50 nm=5% (47.5 t0 52.5 nm), a O
was given when the DOF was 0.15 um, a A when the DOF was
20.10 um and <0.15 pum, and it received an X if the DOF was
<0.10 pm.

Table 10 gives these results.

TABLE 10
Resolution Shape DOF
Ex. 13 O O O
Ex. 14 O O O
Comp. Ex. 5 X X X

[Evaluation of Resist Composition]

A composition for an organic antireflective film (“ARC-
29A-8”, by Nissan Chemical Co. Litd.) was applied onto
silicon wafers and baked for 60 seconds at 205° C. to form a
78 nm thick organic antireflective film

The above resist liquids were then applied thereon by spin
coating so that the thickness of the resulting film became 85
nm after drying.

The obtained wafers were then pre-baked for 60 sec on a
direct hot plate at the temperatures given in the “PB” column
in Table 5.
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Line and space patterns were then exposed through step-
wise changes in exposure quantity using an ArF excimer
stepper (“FPAS000-AS3” by Canon: NA=0.75, 2/3 Annular),
on the wafers on which the resist film had thus been formed.

The exposure was followed by 60 seconds of post-expo-
sure baking at the temperatures given in the “PEB” column in
Table 5.

This was followed by 60 sec of puddle development with
2.38 wt % tetramethylammonium hydroxide aqueous solu-
tion.

Table 11 gives the results of scanning electron microscopy
of the developed dark field pattern on the organic antireflec-
tive film substrate.

The dark field pattern referred to here is a pattern in which
the resist layer remains around the line and space pattern
following exposure and development, as obtained by expo-
sure through a reticle in which lines based on a chrome layer
(light-blocking layer) were formed on the outside of a glass
surface (the light transmitting portion) and development.

Effective sensitivity: It was represented as the exposure
amount at which a 100 nm line and space pattern resolved to
1:1.

Line edge roughness (LER) evaluation: when the wall sur-
face of the resist pattern following the lithography process
was observed using a scanning electron microscope, a O was
given if the discontinuities in the resist pattern side wall have
a contact width=9 nm, and it received an X if these are >9 nm.

Mask error factor (MEF) evaluation: an 85 nm line and
space pattern was exposed to light with a 1:1 exposure, and
corresponding mask patterns were formed with mask sizes of
90 nm, 95 nm and 100 nm. Mask size was plotted on the
horizontal axis, and the line width of the line pattern formed
by using each of'the mask patterns was plotted on the vertical
axis. A O was given when the slope of the line was 2.45, it
received a A if this was >2.4 and <2.5, and it received an X if
this was >2.5.

Table 11 gives the there results.

TABLE 11
LEW MEF
Ex. 15 O O
Comp. Ex. 6 X A

The resin and composition using same of the present inven-
tion are useful in resist compositions, and particularly in
chemically amplified photoresist compositions, and can be
used in the microfabrication of semiconductors and in manu-
facture of liquid crystals, thermal print heads for circuit
boards and the like, and furthermore in other photofabrication
processes, and they can be suitably used in a wide range of
applications. In particular, since they exhibit satisfactory
shape and a superior DOF, they can be used as a suitable
chemically amplified photoresist composition for excimer
laser lithography such as with ArF, KrF or the like, as well as
ArF liquid immersion exposure lithography and EUV expo-
sure lithography. Moreover, in addition to liquid immersion
exposure, they can also be used in dry exposure and the like.
Furthermore, they can also be used in double imaging, and
have industrial utility.

What is claimed is:

1. A resist composition consisting essentially of: a resin
comprising a structural unit derived from a compound repre-
sented by the formula (aa),
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ﬁ)‘\ZIJJ\O—T
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wherein T represents a C, to C; alicyclic hydrocarbon
group, the hydrogen atom contained in the alicyclic
hydrocarbon group may be replaced by a halogen atom,
a hydroxyl group, a C, to C,, alkyl group, a C, to C,,
alkoxyl group, a C4to C,, aryl group,a C, to C, , aralkyl
group, a glycidyloxy group or a C, to C, acyl group, and
a—CH,— contained in the alicyclic hydrocarbon group
is replaced by at least one —SO,— and furthermore
may be replaced by —CO—, —O—, —S—, —SO,—
or —N(R)—;

R“ represents a hydrogen atom or a C, to C, alkyl group;

(aa)

R' represents a hydrogen atom, a halogen atom, or a C, to
C, alkyl group that optionally has halogen atoms; and

7' represents a C, to C, alkylene group, and a —CH,—
contained in the alkylene group may be replaced by
—CO —, —O0—,—S—or—N(R)—,

an acid generator consisting of a salt represented by the
formula (1);

: D
Q
27055 |_x
(¢
I
QZ

v!

wherein Q' and Q? independently represent a fluorine atom
or a C, to C perfluoroalkyl group;

X! represents a single bond or a C, to C, , alkylene group,
a —CH,— contained in the alkylene group may be
replaced by —O— or —CO—;

Y' represents a linear or branched chain C, to C, aliphatic
hydrocarbon group, a C; to C,4 alicyclic hydrocarbon
group or a C4 to C;4 aromatic hydrocarbon group, and
the aliphatic hydrocarbon group, the alicyclic hydrocar-
bon group and the aromatic hydrocarbon group may be
substituted, provided that a substituent does not have a
fluorine atom;

Z* represents an organic counter cation,

one or more other resins, a basic compound, and a solvent.
2. The resist composition according to claim 1, wherein
T is a group represented by the formula (T1);
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(T1)

wherein a hydrogen atom contained in the ring may be
replaced by a halogen atom, a hydroxyl group, a C, to
C,, alkyl group, a C, to C,, alkoxyl group, a C;to C,,
aryl group, a C, to C,, aralkyl group, a glycidyloxy
group oraC, to C, acyl group, and a—CH,— contained
in the ring is replaced by at least one —SO,— and
furthermore may be replaced by —CO—, —O—,
—S—, —S0,— or —NR)—;

R€ represents a hydrogen atom or a C, to C alkyl group;

* represents a bond to an oxygen atom; and

T* represents —O— or —CH,—.

3. The resist composition according to claim 1, wherein T

is a group represented by the formula (T2)

(T2)

*

NC
0—¢
o// \\o

wherein a hydrogen atom contained in the ring may be
replaced by a halogen atom, a hydroxyl group, a C, to
C,, alkyl group, a C, to C,, alkoxyl group, a C4 to C,,
aryl group, a C, to C,, aralkyl group, a glycidyloxy
group oraC, to C, acyl group, and a—CH,— contained
in the ring may be replaced by —CO—, —O—, —S—,
—S0,—or —N(R)—;

R€ represents a hydrogen atom or a C, to C, alkyl group;
and

* represents a bond to an oxygen atom.

4. The resist composition according to claim 1, wherein Z*

is —O—CH,—.

5. A method for forming pattern comprising steps of;

(1) applying the resist composition according to claim 1
onto a substrate;

(2) removing solvent from the applied composition to form
a composition layer;

(3) exposing to the composition layer using an exposure
device;

(4) heating the exposed composition layer and,

(5) developing the heated composition layer using a devel-
oping apparatus.

#* #* #* #* #*



